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LETTER  OF  TRANSMITTAL 


To  His  Excellency,  John  K.  Tener,  Governor,  and  the  Legislature  of 
Pennsylvania; 

Sirs:  The  undersigned,  Commissioners  of  the  Topographic  and 
Geologic  Survey  of  Pennsylvania,  have  the  honor  to  submit  the  fol- 
lowing report  of  the  work  accomplished  during  the  fiscal  years  ending 
June  30,  1911  and  June  30,  1912. 

Very  respectfully, 

GEORGE  W.  McNEES, 
ANDREW  S.  McCREATH, 
EDWARD  V.  DTNVILLIERS, 


Harrisburg,  Pennsylvania,  August  3,  1912. 
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TOPOGRAPHIC  AND  GEOLOGIC 
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Historical.  The  woi-k  done  iiiidei-  the  divectioii  ol:'  tliis  Commission 
was  originally  starled  under  an  Act  of  Assemlily  approved  April 
128,  38!)!).  Under  the  i)rovisioiis  ot  that  Act,  the  Commission  then  ap- 
pointed entered  into  a contract  with  the  United  States  Geological 
Survey  for  the  preparation  of  a Topographic  IMap  of  Pennsylvania  on 
a scale  of  1 to  02,50(1,  with  contours  for  eacli  20  feet  of  elevation.  In- 
cluded in  this  contract  were  provisions  for  g(*ological  work  on  a co- 
operative basis,  (see  Appendix  A). 

The  results  of  the  work  under  the  al)ove  mentioned  agreement,  and 
supplements  thereto  contimiiiig  the  same  in  force  will  he  found  in 
four  repiorts.  The  first  covered  the  woik  accomplished  for  the  period 
ending  June  llOth,  3001;  the  second  included  the  Avork  to  June  1st, 
1900;  the  third  recorded  results  to  the  close  of  the  year  June  1st, 
1908;  and  the  fourth  treated  of  the  Avork  of  the  years  3908-1909  and 
1909-1910. 

In  addition  to  the  reports  published  by  the  State  the  i-esults  of  the 
co-operatiA'e  geologic  Avork  done  under  this  contract  luiv'e  appeared 
in  the  publications  of  the  United  States  Geological  Survey  and  all 
comi)leted  maps  haA^e  been  issued  by  that  organization.  The  results 
of  the  To])ographic  Avork  are  graphically  shoAvn  <ni  the  Index  Maps 
included  in  this  report. 

During  the  period  covered  by  this  re})ort  Toi)Ographic  Avork  has 
been  continued  in  the  State  under  the  provision  of  the  contract  al)ove 
referi'ed  to,  but  during  the  last  two  years  there  has  not  been  any  neAV 
co-o])eratiA'e  geological  Avork  undertaken,  though  the  unfinished  Avork 
previously  arranged  for  has  Iieen  juished  toAvard  completion  and 
there  noAV  remains  for  puiilication  by  the  Uedei'al  Survey  the  results 
of  the  Avork  on  luit  live  (quadrangles.  The  arrangements  of  the 
United  States  Geological  SurA’ey,  Avhich  has  entire  charge  of  the  co- 
operative work,  are  such  that  Ave  expect  a qirompt  comiiletion  of  the 
reports  on  these  remaining  (quadrangles. 

Geologic  Avork  has  been  carried  on  by  the  State  independently  dur- 
ing the  last  two  years  in  accordance  Avith  the  Act  of  Assembly  author- 
izing the  some,  (see  Appendix  A),  as  will  be  described  later  in  this 
report,  but  the  approq^riations  available  haA'e  been  too  meagre  to  ac- 
complish Avhat  i.s  urgentl,y  (lemanded. 
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Topographic  Work.  There  Jiuve  been  no  changes  made  in  the 
methods  adopted  for  topographic  mapiiig  wJiich  were  briefly  described 
in  former  reports. 

renusylvanm  has  an  estimated  area  of  45,126  square  miles  and  for 
the  Topographic  mappiug  of  this  area  it  is  divided  into  quadrangles 
of  15  minutes  on  each  sine.  The  State  lines  do  not  coincide  with  the 
lines  of  these  quadrangles  and,  therefore,  there  will  be  a number  of 
quadrangles  in  the  completed  map  which  will  necessarily  embrace 
portions  of  adjoining  States. 

1 he  total  number  of  quadrangles  lying  wholly  or  partly  within  the 
State  will  be  about  24U  aud  the  complete  map  of  the  State  will  be 
composed  of  that  number  of  sheets. 

During  the  past  two  years  there  has  been  relatively  little  control 
work  done  in  the  State  owing  to  the  small  amount  of  funds  available. 
In  the  Eastern  portion  of  the  State  primary  horizontal  control  has 
been  extended  over  the  Wind  Gajj  and  Mauch  Chunk  quadrangles  by 
lh(^  extension  of  the  tri angulation  net  over  this  area,  and  the  location 
of  the  necessary  points  to  proiierly  control  the  same.  The  area  em- 
braced in  these  quadrangles  is  one  of  very  considerable  economic  im- 
portance and  it  is  proposed  to  complete  the  maiipiug  of  this  region 
as  early  as  possible. 

In  the  nor thw’es tern  portion  of  the  State  control  has  been  extended 
by  primary  traverse  over  the  Northeast  quadrangle,  the  primary 
traverse  lines  being  tied  to  the  stations  of  the  Lake  Survey  aud  the 
boundar}'  monuments  of  the  New  York  and  Pennsylvania  State  Line. 
This  is  the  only  area  remaining  unmapped  along  the  southern  shores 
of  the  Great  Lakes  and  its  mapi)iug  will  close  the  gap  in  that  region 
and  enable  the  completion  of  the  studies  of  the  old  abandoned  Lake 
beaches  of  the  Erie  basin,  imd  the  deterjuination  of  the  changes  in 
level  which  have  taken  place  since  these  old  strand  lines  were  formed 
by  the  wmters  of  the  receding  glacial  lakes. 

In  the  southern  portion  of  the  State  a number  of  quadrangles  in 
the  Somerset  region  have  remained  uumai)ped  and  uncontrolled.  It 
was  attempted  several  years  since  to  control  this  area  but  the  weather 
conditions  during  the  held  season  were  such  as  to  prevent  satisfactory 
results.  Duriug  the  time  covered  by  this  report  the  primary  control 
by  triaugulation  has  been  extended  so  to  cover  the  Wilpen,  Stahls- 
towu,  Somerset,  Wiudber,  Conlluence,  IMyersdale,  Hyndman,  Berlin 
aud  Clearville  quadrangles.  Some  work  has  also  been  done  in  the 
past  in  the  way  of  horizontal  control  by  the  extension  of  level  lines 
across  this  area.  Probably  in  no  portion  of  the  State,  of  an  equal 
area,  is  there  more  industrial  development  in  progress  than  in  this 
Somerset  region.  The  opening  of  coal  mines  is  taking  place  rapidly 
and  geological  work  in  the  area  is  urgently  needed  at  the  present  time. 
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With  this  ill  view  work  ou  the  detail  iiiappiiig  of  two  of  these  (piad- 
raugles  will  be  undertaken  during  the  coming  field  season. 

The  details  of  this  new  control  work  will  be  found  in  report  dum- 
ber 7 of  this  yni'vey  which  contains  the  information  ol  an  engineering 
nature  connected  with  the  horizontal  and  vertical  control  and  topo- 
graphic work  in  the  State. 

It  has  been  thought  desirable  that  names  be  assigned  to  all  the 
quadrangles  in  the  State,  whether  the  same  have  been  maiiped  or  not, 
and  names  have  been  given  to  all  unmapped  quadrangles  during  the 
last  two  years.  These  are  shown  on  the  Index  Map,  iilate  I.  and  will 
permit  of  future  reference  to  any  ])articnlar  area  with  much  greater 
ease  then  heretofore.  This  Index  iMap  will  also  show  the  quadrangles 
within  which  mapping  has  been  completed  and  for  which  maps  can  be 
had  from  the  United  State  (leological  Survey.  Of  the  total  number  of 
sheets  137  have  been  issued,  covering  a total  area  of  23,322.19  square 
miles  or  51.7  per  cent,  of  the  total  area  of  the  State. 

It  has  been  impossible  with  the  funds  available  to  extend  the  pri- 
mary control  either  horizontal  or  vertical  to  the  limits  desired  nor 
has  it  been  possible  to  complete  the  detail  mapping  of  but  a small 
portion  of  the  area  where  it  is  needed.  To  economically  do  Topo- 
graphic mapping  it  is  necessary  that  the  control,  both  horizontal  and 
vertical,  be  carried  ahead  of  the  detail  work.  This  was  done  in  the 
early  years  of  the  present  Survey  when  the  work  of  the  Coast  and 
Lake  Surveys  coTild  be  utilized  and  a considerable  amount  of  new 
work  was  done  by  the  present  organization.  But  with  the  diminished 
funds  available  this  control  work  had  to  be  curtailed  and  if  the  Topo- 
grai)hic  mapping  of  the  State  is  to  be  continued  it  is  most  desirable, 
and  indeed  necessary,  that  there  be  sufficient  funds  provided  to  admit 
of  an  allotment  of  |5,000  for  each  of  the  next  two  years  by  this  Sur- 
vey to  carry  forward  this  very  essential  work. 

The  Topographic  relief  of  much  of  the  State  is  such  that  to  do 
primary  control  work  in  an  economical  manner  it  should  embrace  a 
large  area  and  be  done  sufficiently  far  in  advance  of  the  final  map- 
ping to  permit  of  the  necessary  office  work  and  plotting  of  the  data 
before  the  detailed  field  work  is  attempted. 

The  demand  for  topographic  results  is  not  confined  to  any  special 
portion  of  the  State;  nor  is  if  confined  to  those  ])ortions  where  the 
greatest  industrial  developments  are  in  progress.  If  a larger  amount 
of  topographic  work  is  to  be  done,  commensurate  with  the  area  of 
the  State  remaining  unmapped  and  the  important  and  growing  de- 
mand for  the  work,  it  is  desirable  that  such  appropriations  should  be 
provided  as  will  admit  the  allotment  of  the  greatest  possible  amount 
of  money  for  this  purpose  which  the  Federal  Suiwey  will  supplement 
by  an  equivalent  allotment.  In  some  of  our  adjoining  States  the  im- 
portance of  the  topographic  maps  is  so  fully  realized  that  not  only 
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is  llie  State  atloinieiit  el  i'mids  made  the  greatest  that  will  be  met 
l>.y  the  Unitetl  States  Survey,  but  additional  work  is  being  done  over 
and  above  that  do]ie  eo-ojtei'atively  and  paid  for  by  the  State  alone, 
the  work  being  done  t>y  the  United  States  Survey,  and  the  results 
being  used  by  that  organization  as  well  as  the  State. 

With  luit  half  the  area  of  Pennsylvania  so  mapped  1o  date,  and 
the  efficiency  of  the  Siirvey  impaired  for  the  lack  of  proper  base  upon 
which  to  corectiy  represent  the  geologic  structure  and  econonuc 
resources,  it  is  a matter  of  prime  importance  to  the  Commonwealth 
to  recognize  the  deficiency  and  provide  for  a more  consistant  and 
rapid  completion  of  the  work. 

Geolofjic  Work.  Under  the  co-ojjerative  ai'rangement  with  the 
Federal  Survey  iliirty-one  (luadraugles  have  been  studied,  on  most 
of  wdiich  re])orts  have  i)een  published.  During  the  last  two  years 
the  Warren  folio,  the  Sewickley  folio,  the  Foxbui-g-Clarion  (a  double 
folio),  the  Ilurgettstown-Carnegie,  (a  double  folio),  the  Claysville 
folio  and  Jobnslown  folio  have  Iteen  issued.  The  geohjgical  work 
on  the  New  Castle,  Punxsutawncy,  Baruesboro,  Iffiltou  and  lloutz- 
dale  quadrangles  has  been  comjtleted  and  the  mauuscri])ts  are  in  a 
more  less  advanced  state,  it  is  expected  that  all  of  these  will  be 
submitted  for  ]Miblicaliou  by  Hie  United  States  Ceological  Survey 
du]-ing  the  next  year. 

A full  list  of  the  folios  co\eriug  the  various  (piadraugles  survey- 
ed in  co-oiiei-al ion,  and  by  Ihe  United  States  lieological  Survey  alone, 
and  of  the  Bulletins  ti-eating  of  the  economical  features  of  the  same 
areas  will  be  found  in  Apjiendix  B,  as  also  the  references  to  a nuiii-' 
bei’  of  papers  scattered  through  the  publication  of  the  United  States 
Suiwey,  relating  to  various  phases  of  Pennsylvania  geology. 

During  the  time  covered  liy  this  report  geological  work  has  been 
carried  along  by  the  State  Survey  in  several  portions  of  the  State 
so  far  as  the  funds  availabh'  would  permit;  but  it  is  pertinent  to 
reinark  that  even  the  little  accomplished  was  only  made  jiossible 
by  the  co-operation  of  those  gentlemen  wiio  devoted  much  time  a,nd 
their  private  infmanation  to  this  work,  without  consideration  of  the 
wholly  iiiadequate  conqiensation  made  to  them. 

Two  (,il  reports,  one  covering  the  Oil  and  Gas  resources  of  the 
Sewickley  ipiadrangle,  and  the  other  the  Oil  and  Gas  llesoui*ces  oi 
the  Charion  quadrangle  have  lieen  issued  as  rejiorts  of  this  Survey.’ 
These  are  ti  c results  of  work  done  in  co-operation  v.dth  the  United 
States  Geological  Survey. 

Tluriug  the  jias  year  Eeiiort  No.  4,  of  this  Survey,  on  tlie  Mineral 
Pigments  of  Pennsylvania,  by  Di-.  B.  L.  Miller,  has  been  issued.  This 
rovers  in  detail  the  mineral  jiaints  and  pigments  of  the  State,  treat- 
ing of  the  same  from  a slricHy  economical  staudpomt 

4'hc  report  of  Dr.  F.  B.  Peck  mi  (he  Talc  ami  Serpen! iue  of  tlie 
State^  ami  a preliminary  rejioi-t  by  the  same  author  on  Ihe  Cement 
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Materials  and  the  Cement  Imlustry  of  tlu‘  Leliigh  Itegiou  has  been 
issued  as  llejtort  l^o.  .I.  While  this  ])nri»orts  to  be  but  a prelimi- 
nary report  it  is  I'ar  mure,  treating  of  these  industries  «piite  fully 
and  discussing  tlui  mateilals,  tlieir  mode  of  occurreuee  and  geologic 
age,  the  development  and  grovlh  of  the  Portland  Cement  tmlustry 
of  the  Lehigh  District,  and  of  the  United  States,  the  several  mills 
and  kilns  which  have  been  used  during  the  various  stages  of  develop- 
ment and  the  possibilities  of  future  growth  of  the  industry. 

The  biennial  report,  covering  the  work  of  the  two  years  IbOS-liJlb,. 
was  issued  and  in  addition  to  the  ordinary  statement  of  work  done 
the  report  contained  a short  discussion  of  the  relative  position  and 
rank  of  Pennsylvania  as  a mineral  producer  as  compared  with  the 
United  States  and  other  staves,  together  with  the  results  of  prinvarr 
traverse  and  leveling  during  the  years  covered  by  the  report. 

There  was  also  included  a timely  paper  by  Frederick  G.  Clapp- 
on  the  “Present  Status  of  the  Natural  Gas  Development  of  Penn- 
sylvania Fields,”  and  also  a “Preliminary  List  of  the  Fossils  of  the 
Allegheny  and  Conemaugh  Series  in  'Westeiai  Pennsylvania,”  by  Dr. 
Percy  E.  Kaymoud,  accompanied  by  four  plates  of  ty})ical  fossils. 
A valuable  contribution  to  the  literature  treating  of  these  measures 

A report  on  the  Graphite  De])Osits  of  Peunsyh'ania  by  Dr.  IL  L. 
Miller  has  been  i)repared  and  the  maiiusci-ipt  jdaced  in  the  hands  of 
the  State  Printer.  While  graphite  is  one  of  the  minerals-  of  lesser 
importance  in  Pennsylvania  it  is  but  one  of  a number  of  such  min- 
erals, Avhich  in  the  aggregate  form  a large  ])art  of  the  mineral 
wealth  of  the  State,  and  all  of  Avhich  are  deserving  of  study.  This 
report  shoiild  be  ready  for  distribution  during  the  summer  of  1012. 

The  slate  deposits  of  Lehigh  and  Northampton  counties  have  been 
studied  by  A.  P.  Berlin,  particularly  in  connection  with  their  econo- 
mic resources.  The  Avork  thus  far  has  been  confined  to  the  Avesterji 
portion  of  the  area,  and  is  rapidly  ajiproaching  completion.  The 
manuscript  for  a report  on  this  portion  of  Ihe  slate  area  Avill  be 
ready  for  submission  during  the  summer  of  1012. 

A report  on  the  minerals  of  Pennsylvania  by  Dr.  Amos  P.  BroAAm 
has  been  in  actiAm  preparation.  This  is  not  intended  to  include 
the  minerals  of  rare  occurrence  in  the  State,  but  Avill  be  a short 
account  of  the  deposits  of  economic  importance,  or  AAdiich  may 
become  of  Amine.  There  has  been  quite  a demand  for  such  a inport. 
and  it  is  expected  this  Avill  be  ready  for  distribution  during  the 
coming  winter. 

The  Broad  Top  coal  field  of  PJuiitingdon  and  Bedford  counties  has 
also  received  some  preliminary  consideration  as  it  Avas  thought 
timely  to  giAm  attention  to  this  field,  almost  neglected  in  the  work 
of  the  Second  Geological  SurA'ey  through  failure  of  success  in  legis- 
lation to  provide  the  means  to  ])roporly  map  and  study  this  unique 
field  of  plicated  coal. 
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Even  now  the  diffic-iUty  of  delineating  the  detailed  geology  and 
structure  of  this  area  is  fully  realized  in  the  absence  of  a good 
topographic  base  upon  which  to  orient  the  data  available  through 
the  assured  co-operation  of  the  several  corporations  and  individuals 
engaged  in  mining  there. 

But  during  the  past  Avinter  a general  map  of  the  field  has  been 
compiled,  incori>orating  data  available  from  various  mine  maps, 
and  brought  to  a common  scale  and  the  field  work  can  now  be  ar- 
ranged for.  The  more  this  field  is  iiiATstigated  the  more  certain  it 
appears  that  the  peculiar  problems  found  there  are  deserving  of 
study.  There  is  a large  amount  of  coal  still  available  and  Avhile 
upAvards  of  thirty  million  tons  have  been  produced  in  the  limited 
area  occupied  by  a remnant  of  the  original  coal  deposit,  it  is  ex- 
pected to  furnish  several  times  that  amount  in  the  future  of  a coal 
adapted  for  special  markets. 

Considerable  work  has  been  done  in  the  collection  of  information 
relative  to  the  Clay  Working  Industry  of  the  western  part  of  the 
State,  which  may  be  called  the  Fii’e  Brick  portion  of  the  State. 
This  work  will  be  continued  and  a report  issued  on  the  same.  Penn- 
sylvania is  the  greatest  brick  and  tile  producing  State  in  the  country, 
a large  portion  of  the  industry  being  fire  brick  and  this  first  report 
on  the  clay  industry  is  designed  to  coAmr  that  portion  of  the  State 
where  the  refractory  materials  are  produced. 

An  important  matter  in  connection  Avith  the  Avork  of  Geological 
Survey  is  to  be  in  touch  with  the  actual  producers  of  the  minerals 
within  the  State.  In  Pennsylvania  there  are  over  11,000  producers 
of  minerals,  it  is  therefore,  obviously  impossible  for  the  State  Sur- 
vey to  know  them  personally,  but  in  co-operation  with  the  Division 
of  Mineral  Statistics  of  the  United  States  Geological  Survey  in  the 
collection  of  the  figures  of  production  a knoAA-ledge  of  the  character, 
amounts  and  values  of  the  various  mineral  products  in  the  several 
portions  of  the  State  is  being  acquired  and  tabulated.  An  arrange- 
ment Avas  made  which  was  very  favorable  to  the  State  and  the 
output  for  the  year  1911  is  in  process  of  collection.  This  neces- 
sarily involved  a large  amount  of  office  work,  especially  during  this, 
the  first  year  of  the  work,  but  the  results  attained  Avill  be  of  great 
profit  and  advantage  in  carrying  on  the  work  of  the  Survey  and  in 
ansAvering  the  numerous  tnquries  Avhich  are  constantly  being  re- 
ceiATd. 

On  another  page  of  this  report  a short  discussion  of  the  output 
of  the  principal  mineral  products  of  the  State  will  be  found  Avhich 
will  serve  for  comparison  with  the  figures  as  determined  in  detail 
from  the  reports  received  during  this  year.  T'he  value  of  work  such 
as  this  naturally  increases  from  year  to  year  with  the  securing  of 
more  perfect  lists  of  producers  and  the  value  of  their  products. 
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One  of  the  ways  by  which  the  relative  importance  of  a Geological 
Survey  to  a State  can  be  determined  is  by  a study  of  the  value  of 
the  mineral  productions.  The  importance  of  the  investigation  of 
the  minerals  of  a region  primarily  determines  the  economical  value 
of  geological  work,  but  the  quantity  of  the  production  of  tlie  min- 
erals themselves  determines  the  importance  of  technical  study  in 
preventing  those  wastes  wliicli  are  ever  to  be  found  and  which  are 
of  greater  importance  in  the  low  value,  non-metalic  minerals,  than 
in  the  metals  of  greater  intrinsic  value. 

Viewed  in  this  way  a Geological  Survey  is  shown  to  be  of  far  more 
value  to  the  people  of  Pennsylvania  than  to  any  other  State.  This 
is  true  when  we  consider  the  gross  value  of  the  output,  and  it  is 
equally  Irue  when  we  view  the  out])iit  of  the  State  as  compared 
Avith  its  area  and  with  the  number  of  its  inhabitants. 

For  1910  the  total  value  of  mineral  products  of  the  United  States 
was  more  than  $2,000,000,000.  The  area  of  the  TTiited  States  (ex- 
cluding the  Great  Lakes  and  that  portion  of  the  oceans  which  are 
included  in  the  r/ross  areal,  is  .3,020,789  square  miles;  therefore  the 
average  value  of  the  mineral  production  was  -fOOl  per  square  mile 
of  area. 

The  value  of  the  production  of  the  several  states  is  shoAvn  by  the 
following  table,  as  also  the  area  of  each  state. 


Table  Showing  IMineral  Production  1909-1910. 


State. 

Area  sq.  miles, 

1 

1909. 

1910. 

Total  value. 

Value  per  sq.  mi. 

Total  value. 

Value  per  sq.  ml. 

Alabama,  

61,998 

$41,982,208 

$808 

$47,751,109 

$924 

Arizona . 

US, 956 

43,155,466 

378 

43,483,912 

381 

Arkansas.  

63,335 

5,889,329 

111 

5,350,705 

101 

Oalifornia, 

158,297 

80,098,581 

506 

86,668,347 

648 

Colorado,  

103,948 

59,190,424 

569 

60,357,715 

580 

Connecticut,  

4,965 

3,480,918 

701 

3,505,161 

706 

Delaware.  

2,370 

876,501 

369 

664,073 

272 

Florda,  

58,666 

9,239,491 

159 

9,284,705 

158 

Georgia,  

59,265 

5,580,643 

94 

6,048,253 

102 

Idaho.  

84,313 

14,908,819 

177 

15,437,403 

180 

Illinois,  - 

56,665 

143,051,729 

2,524 

141,809,121 

2,502 

Indiana,  

36,354 

43,634,615 

1,200 

59,039,303 

1,624 

Iowa,  

56,147 

20,342,368 

363 

22,730,968 

405 

Kansas,  

82,158 

29,447,159 

358 

28,304,191 

345 

Kentucky,  _ __ 

40,598 

16,857,148 

417 

21,512,982 

530 

Louisiana.  

48,506 

7,658,441 

157 

10,119,993 

209 

Maine,  

33,040 

4,376,488 

136 

4,713.123 

143 

Maryland,  

12,327 

12,881,574 

1,045 

15,440,207 

1,255 

Massachusetts,  

8,266 

6,779,974 

820 

6,077,370 

735 

Michigan.  

57,980 

55,041,671 

950 

47,771,775 

824 

Minnesota.  - 

84,682 

5.088,120 

(>/ 

6,088,620 

72 

Mississippi,  

46,866 

1,129,639 

24 

840,152 

12 

Missouri,  

69,420 

50,416,043 

728 

52,640,054 

758 

Montana,  

146,572 

57,492,806 

54,. 388,117 

364 

Nebraska,  

77,520 

1,599,818 

21 

1,552,794 

20 

Nevada,  

110,690 

29,628,826 

267 

34,617,127 

312 

2 


16 


TOPOGEAPHJe  AND  GEOLOGIC  SUliVEY. 

Table  Allowing  l\fiiieral  Production  l!){)9-lf)P) — Continued. 


state. 

Area  sq.  miles. 

1909 

1910. 

Total  value. 

Value  per  sq.  mi. 

Total  value. 

Value  per  sq.  mi.  ^ 

New  Hampsliiro,  

9,341 

2,156,985 

231 

2,146,736 

230 

New  Jersey,  --  

8,224 

29,626,329 

3,603 

30,888,892 

3,756 

New  Mexico,  

112,634 

5,870,547 

48 

7,704,373 

69 

New  York,  

49,204 

65,120,558 

1,323 

74,519,623 

1,533 

North  Carolina,  - - 

52,426 

2,551,918 

49 

2,616,131 

42 

Nortli  Dakota.  

70,837 

946,054 

13 

86-1, 2:e 

12 

Ohio,  __  

41,040 

187,014,492 

4,556 

188.075,258 

4,583 

Oklahoma,  

38,818 

29,008, i:-;8 

74V 

32,i>SS,8j5 

849 

Oregon,  

96,699 

2,814,570 

29 

3,738,806 

38 

Pennsylvania,  — 

45,126 

549,860,811 

12,185 

591,602,573 

13,110 

Rhode  Island, 

1,248 

1,203,878 

964 

800,503 

641 

South  Carolina,  . . __ 

30,989 

2,079,422 

67 

2,021,371 

65 

South  Dakota,  

77,615 

7,604,487 

99 

6,093,434 

79 

Tennessee,  

42,022 

19,701,337 

469 

21,396,784 

509 

Texas,  

265,896 

17,214,068 

65 

18,383,451 

69 

Utah 

84,990 

35,279,510 

415 

39,233,716 

461 

Vermont,  

9,564 

8,676,929 

907 

8,720,409 

911 

Virginia,  - . 

42,627 

15,802,705 

373 

18,221,987 

427 

Washington,  

69,127 

15,483,886 

224 

10,809,030 

243 

West  Virginia,  

*24,170 

89,177,459 

3,647 

105,058,311 

4,371 

Wisconsin,  _ 

56,066 

14,849,621 

264 

13,479,343 

241 

Wyoming,  

97,914 

10,332,939 

106 

12,110,286 

124 

It'  we  examine  these  tigures  we  find  there  are  sixteen  states  in 
wdncli  tlie  production  ]»er  s()nai'e  mile  of  area  exceeded  the  average 
of  the  Avhole  country.  This  is  shown  in  the  following  table,  tvhich 
gives  the  total  in-oduction  of  these  states  foi-  1910;  the  avera'ge  ])ro- 
duction  ]»er  square  mile  and  the  ]iercentage  of  the  total  of  the 
United  States  ]»roduced  by  each  of  these  states. 

Production  of  Sixteen  States,  1910. 


Total  value  of  min- 
eral production. 

I 

Value  per  sq.  mile  of 

area.  i 

1 

Percentage  of  total  ! 

U.  S. 

$49,751,109 

3,505,161 

141,809,121 

.59,039,303 

15,440,207 

6,077,370 

924 

2.38 

706 

.17 

2,502 

1,024 

7.(K> 

2.95 

1)255 

735 

.77 

Massachusetts, 

.30 

47,771,775 

52,640,054 

.30,888,892 

74,519,623 

188,075,258 

32,988,865 

591,602,573 

800,503 

8,720,409 

105,058,311 

824 

2.38 

Missouri,  

758 

2.63 

New  Jersey,  - - 

3,7,56 

1,533 

4,583 

1.54 

3.72 

Ohio,  

9.39 

Oklahoma,  

'849 

1.64 

Pennsylvania,  

13,110 

29.50 

Rhode  Island,  --  - 

041 

.04 

Vermont, 

911 

.43 

West  Virginia,  

1,371 

5.25 
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The  total  productiou  of  these  sixteen  states  was  over  •'ii!l,40G, (»<•(), (MM), 
or  70  i)er  cent,  of  the  total  of  the  United  States. 

The  production  of  Pennsylvania  was  29.56  per  cent,  of  the  whole 
or  40.09  per  cent,  of  the  output  of  these  sixteen  leading-  states. 

A further  analysis  of  these  figures  shows  that  eight  states,  all 
lying  east  of  the  Mississippi  Piver,  viz:  Illinois,  Indiana,  ^Maryland, 
IS"ew  elersey,  Ohio,  Pennsylvania  and  4\'est  Mrginia,  each  jiroduced 
more  than  $1,000  of  mineral  tvealth  for  eacli  square  mile  of  area, 
and  that  the  total  production  of  these  eight  states  was  more  than 
11,200,000,000  or  60  ])er  cent,  of  the  entire  United  Slates.  Of  this 
amount  Pennsylvania  produced  onehalf. 

Pennsylvania  not  only  far  exceeds  the  output  of  other  states  but 
in  conjunction  with  its  adjoining  states,  New  Jersey',  New  York, 
lYest  \Trginia,  and  Ohio,  produced  over  one  half  of  the  total  mineral 
output  of  the  entire  United  States.  Thus  again,  the  fact  that  Penn- 
sylvania is  the  Keystone  of  the  mining  industry  is  l)rouglit  home 
with  force,  and  the  diversity  of  its  products  is  eipially  striking. 

It  is  this  great  value  of  mineral  wealth  in  the  State  that  em- 
phasizes the  continual  need  of  geological  work,  to  pro])erly  illustrate 
its  resources  and  make  known  its  reserve.  In  1885,  Prof.  J.  P.  Lesley, 
then  State  Geologist,  in  an  address  at  Pittsburgh,  pointed  out  that  we 
were  rapidly  exhaiisting  the  Pittsburgh  coal  and  showed  that  at 
the  rate  it  Avas  being  rained  and  the  rate  of  increase  in  the  amount 
mined,  it  would  last  but  a short  time.  The  period  then  given  was  86 
years,  or  about  50  years  hence.  Ilis  actual  figures  give  a somewhat 
shoiTer  period,  and  it  should  be  noted  that  the  actual  amount  of 
coal  being  mined  at  the  jiresent  time  is  larger  than  his  estimated 
output,  and  hence  the  time  of  exhaiistion  is  that  much  nearer. 

Dr.  I.  C.  White,  in  his  address  at  the  meeting  of  the  governors 
in  1908  reiterated  'with  force  the  fact  that  we  were  x“a[)idly  exhausting 
our  resources.  That  a detailed  and  continuous  study  of  the  coals 
of  the  State  wfill  result  in  a vast  saving  in  i)resent  wastes,  and  the 
mining  of  coals  which  now  seem  to  be  of  little  or  no  use,  is  recognized 
by  all. 

Another  example  of  the  need  of  geological  study  is  the  declining 
oil  and  gas  production  of  the  State.  It  is  not  to  be  supposed  that 
any  amount  of  study  will  bring  the  ]u-oduction  of  these  fuels  to  its 
former  magnitude,  but  it  is  certain  that  pro])er  research  will  greatly 
aid  in  maintaining  the  outj)Ut  and  save  vast  sums  of  nntney  to  lliose 
most  interesU'd — the  State  and  its  ])eo])le. 

It  will  not  do  to  say  that  these  studies  should  be  made  by  those 
financially  interested.  It  is  true  they  may  result  in  profit  to  those  in- 
dividuals but  the  private  gain  is  small  when  compared  with  the  profit 
to  the  ])eople  at  large.  Nor  is  it  possible  foi-  such  work  to  be  done 
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by  private  enterprise;  sncb  studies  must  cover  large  areas  and  rei]uire 
ihe  investigation  of  many  producing  properties  and  can  only  be 
made  of  value  through  comparisou. 

There  is  always  more  or  less  jealousy  found  among  tliose  engaged  in 
the  same  kind  of  work,  and  all  Avisli  to  keep  private  any  detail  by 
which  others  juight  profit.  This  inate  feeling  always  results,  to  a 
greater  or  less  degree,  in  the  failure  to  secure  in  full  the  information 
needed  Avhen  souglit  by  individuals.  When  the  work  is  done  by  the  State 
this  secretiAT  instinct  largely  Auinishes;  the  detailed  data  obtained 
by  an  official  surATv  are  not  used  for  priAmte  gain;  facts  are  freely 
given  Avhen  tliey  are  to  be  used  for  the  general  good.  But  it  is  not 
the  detailed  facts  Avhich  are  needed  for  the  published  report.  The 
general  conclusions  based  on  all  the  information,  after  it  is  carefully 
compared  and  adjusted,  are  the  results  sought,  and  it  is  these  com- 
]deted  studies  carried  on  over  a large  area,  Avhich  prove  of  value  to 
all  interested  and  Avhicli  mean  an  increased  output  at  a decreased 
cost,  with  an  incx'eased  feeling  of  good  Avill  among  tliose  engaged  in 
the  same  industry. 

Of  tlie  relation  of  tlie  Geological  Survey  to  the  prolxlems  of  con- 
servation nothing  need  be  said.  Geological  study  is  the  foundation 
on  Avhicli  all  matters  pertaining  to  tlie  possible  savings  in  all  mining 
industries  depends. 

Neither  is  it  necessary  to  go  into  the  details  of  the  needs  of  the 
Avork  noAv  in  progress.  In  the  United  States  it  is  estimated  that  65 
per  cent,  of  the  business  of  all  railroads  is  the  direct  result  of  the 
mining  operations  in  the  country.  If  this  is  so  generally,  a greater 
portion  of  the  freights  in  Pennsylvania  are  thus  derived.  HoAvever 
we  vieAV  it,  the  necessity  of  doing  something  to  maintain  the  present 
out])ut  of  mineral  AAmalth  is  ajAparent ; the  entire  prosperity  of  the 
State  depends  upon  it. 


BECOMMENUATIONS. 


Itnriug  the  last  tAvo  yeais  liie  total  appropriations  for  all  the  Avork 
of  tlie  SurAmy  amounted  to  |25,00l). 

The  ap'portionment  of  this  fund  Avas  about  as  folloAvs: 


Salaries,  including  State  Geologist  and  clerical  AVork,  |8,G00  00 
Co-operative  topograiihic  Avork  Avith  the  Federal  Survey,  0,650  00 
Co-operatiAn  mineral  statistics, 500  00 
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Geological  -work,  inajipiug,  etc.,  reports  issued  aud  in 

progress,  4,10U  00 

General  expenses  of  ('oniinissiftn,  rental,  express,  travel- 
ing ex]»enses.  pdslagt*,  ele., 2,150  00 


It  will  readily  be  seen  that  with  the  ntinost  ecoinmiy  in  conducding 
the  varions  activities  of  the  Survey  in  an  attempt  to  meet  the  de- 
mands from  many  sections  of  the  State,  it  is  only  possible  to  devote 
a small  amount  to  the  special  reports  on  various  economic  subjects, 
aud  in  no  one  case  was  there  a suliicieut  sum  of  money  available 
to  engage  the  services  of  special  assistants,  trained  for  the  work 
desired. 

Hence  your  Commission  was  compelled  to  seek  the  co-operation 
of  those  who  had  ali-eady  carried  forward  investigations  in  s[)eciat 
lines,  or  who  acceided  the  compensation  oll'ei-ed  to  meet  the  ex- 
penses involved  in  the  collection  of  data,  i-atlier  than  value  for  service 
performed. 

Tliis  does  not  seem  just  to  the  associates  who  have  performed 
valuable  ser\ice,  often  at  personal  sacritice,  or  at  the  sacritice  of 
the  completeness  of  (heir  work,  neither  does  it  seem  fair  to  onr 
('oinmission  to  expect  gooil  ])rofessiona  1 service  upon  any  such  basis 
of  compensation. 

Vonr  Commission  therefore  recommends  that  more  liberal  ap- 
propriation be  made  for  the  coiitinnaiice  of  the  work  of  the  Survey, 
now  faii-ly  well  organized  aud  ])repared  to  carry  forward  both  the 
geological  and  topographic  investigations  to  best  meet  the  demands 
of  the  people  at  large,  aud  with  results  commensiu  ate  with  the  wealth 
of  the  State  and  the  diversity  and  magnitude  of  its  mineral  indus- 
tries. 

This  appropriation  should; 

First,  lie  sufficient  to  meet  the  largest  possible  sum  the  Federal 
Survey  will  allot  for  topogra])hic  "work,  that  the  mapping  of  the  re- 
maining half  of  the  State  may  be  completed  as  rapidly  as  possil)le. 
This  will  be  about  |25,U0U. 

Second.  To  carry  out  the  objects  of  the  Survey  in  accordance  with 
the  Act  of  Assembly  authorizing  the  establishment  and  mainlenance 
of  the  same,  the  appropriation  should  be  snfficieni  to  take  up  aud 
carry  forward  on  broad  lines  the  large  geological  problems,  in  order 
to  increase  the  total  mineral  production  of  the  State,  reduce  needless 
wastes  in  mining,  lessen  the  danger  to  life  <accom]ianyiug  mineral  pro 
dnction,  and  result  in  fuller  develo^tment  of  onr  mining  industries. 
The  funds  needed  for  this  work  will  include  all  salaries  of  the  State 
Geologist  and  assistants,  clerk  hire,  postage,  telephone  and  tele- 
graph, rent,  traveling  expenses  of  the  Commission.  State  Geologist, 
a.ssistants  and  emp/loycs,  express,  freight,  etc.  To  jtrojterly  accomp- 
lish this  work  will  re(piire  at  least  .f25,0()0. 
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I' 01  tlicst*  piii’[»o.so.s  1 lioi'oloi'o,  ivo  I'cspoct  I 111  ] j ilsk  Yoiu"  co-operutioii, 
favonilile  reoomiiieiKlation  oiid  approio-iatiou  ol’  not  less  than  fiftv 
tlioiisand  dollai-s  (|50,0(M))  tor  (*arli  of  tlie  next  tivo  tiscal  years,  a 
snin  relatively  far  less  than  Ihe  ai)pro]»riation  niad^  by  any  other 
State  for  similar  work. 


Ifesiiectfidly  submitted, 

(JEORGE  W.  .Vc:XEES, 
ANDREW  S.  McCREATIT, 
EDWARD  D'lNVILLIERS, 
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ARRENDIX  A 


LEGISLATIVE  ACTS  AND 


COXTKACTS. 


AN  ACT 

Authorizing  the  Topographic  and  Geological  Survey  Commission  of  Pennsylva- 
nia to  establish  and  maintain  a topographic  and  geological  survey  of  the 
State;  fixing  salaries;  providing  for  the  printing  and  binding  of  the  results 
of  said  survey,  and  furnishing  of  supplies  and  stationery;  and  making  an 
appropriation  therefor. 

Section  1.  Be  it  enacted,  etc.,  That  tlie  Topographic  and  Geological 
Survey  Connni.ssiou  f)f  Pennsylvania  i.s  hereby  anlhorized  to  estab- 
lish and  luaiiitain  a tojtographic  and  geological  svirvey  of  the  Slate. 

Section  '1.  The  objects  of  such  sui-vey  shall  be  as  follows;  The 
prepai-ation  and  completion  of  a topogi-a}!hie  imi])  or  luaiJS  of  tlie 
State;  also  the  study  of  its  geological  formations  with  special  refei-- 
ence  to  the  economic  development  of  its  resources,  such  as  coal,  ores, 
oil,  gas,  stones,  cement  material  and  all  other  minerals.  With  these 
ends  in  view,  the  said  commission  may,  and  is  heieby  authorized,  to 
arrange  with  the  United  States  Geological  Survey,  or  such  other  Na- 
tional organization  as  may  be  authorized  to  do  such  work  for  its 
co-operation:  Provided,  That  the  amount  of  money  to  be  expended 
in  such  co-operative  work  on  behalf  of  the  State  shall  not  exceed  the 
amount  so  expended  by  such  National  organization.  The  preparation 
of  reports,  with  the  necessary  geological  and  other  maps  to  propei-ly 
illustrate  the  same,  which  shall  be  of  such  detail,  character  and  style 
of  publication  as  the  said  Commission  may  deem  best  suited  to 
properly  describe  the  resources  of  the  State. 

Section  o.  The  reports  of  the  said  survey  shall  be.  printed  by  the 
Department  of  Printing  and  Binding,  in  such  form  and  style  as  may 
be  designated  by  the  Toi)Ogra]ihic  and  Geologic  Survey  Commission. 

Section  4..  The  said  Commission  shall  serve  without  pay  exceiit 
the  chairman  of  the  same.  He  shall  receive  a salary  of  not  more  than 
fifteen  hundred  dollars  per  annum ; and  the  necessary  expenses  of  the 
said  Commission  shall  be  paid  out  of  the  State  Treasury,  after  the 
same  shall  have  been  submitted  in  itemized  form  to  the  Auditor  Gen- 
eral and  aj)proved  by  him. 
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Section  5.  Tlie  said  Coni  mission  shall  apoint  a State  Geologist, 
who  shall  be  in  immediate  charge  of  the  work  of  said  survey,  subject 
to  the  regulations  and  orders  of  said  Commission.  The  said  geologist 
shall  receive  a salary  not  to  exceed  three  thousand  dollars  per  annum. 
He  may  also  appoint  such  assistants  as  in  the  judgment  of  such  Com- 
mission may  be  proper  and  necessary. 

Section  6.  In  addition  to  the  reports  hereinbefore  authorized,  the 
said  Commission  shall  make  a biennial  report  to  the  Governor  and 
the  Legislature,  showing  the  progress  and  condition  of  the  work,  to 
gether  with  such  other  information  and  recomendations  as  the  said 
Commission  may  deem  necessary  and  useful. 

Section  7.  All  specimens  and  material  collected  shall,  after  serving 
the  purpose  of  the  survey,  be  deposited  in  the  State  Museum,  and 
there  preserved  in  such  form  as  to  be  available  for  study  in  the  furrher 
work  of  the  survey,  or  by  individual  students;  but  must  not  be  re- 
moved from  said  museum  except  for  study  and  use  by  (he  State  Geolo- 
gist or  those  working  under  his  directions. 

Section  8.  All  suj^plies  or  stationarj^,  blank  books,  forms  or  other 
I)rinted  matter  necessary  for  the  use  of  said  survey,  shall  be  furnished 
by  the  Department  of  Printing  and  Binding  or  the  Department  of 
Public  Grounds  and  Buildings,  upon  the  requisition  of  said  Com- 
mission. 

Section  9.  It  shall  be  lawful  for  any  and  all  persons  employed  in 
carrying  on  the  work  of  the  said  survey  to  enter  upon  and  cross  all 
lands  within  the  State;  Provided,  That  in  so  doing  no  damage  shall 
be  done  to  private  property. 

Section  10.  The  sum  of  twenty  tliousand  dollars  annually,  for  the 
term  of  two  years,  is  hereby  appropriated  for  the  use  of  said  Com- 
mission in  carrying  on  the  work  authorized  by  this  act. 

Section  11.  This  act  shall  be  in  etfect  on  the  first  day  of  June, 
Anno  Domini  nineteen  hundred  and  nine. 

Section  12.  All  laws  or  parts  of  laws  inconsistent  with  this  act 
are  hereby  repealed. 

Approved — The  thirteenth  day  of  May,  Anno  Domini  one  thousand 
nine  hundred  and  nine,  in  the  sum  of  $10,000  annually  for  the  term  of 
two  years.  I withhold  my  approval  from  the  remainder  of  said  ap- 
prop]-iation  liecause  of  insufficient  State  revenue. 


EDWIN  S.  STUART. 


STATK  OF  PENNSYLVANIA. 
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AGIilOEMENT. 

Between  the  Topographical  and  Geological  survey  Commission  of  the  State  of 

Pennsylvania  and  the  Director  of  the  United  States  Geological  Survey,  for 

the  Co-operative  Topographic  and  Geologic  Survey  of  the  State. 

1.  The  preitaratioii  of  the  maps  shall  be  under  the  supervision  of 
the  Director  of  the  United  States  Geological  Survey,  who  shall  de- 
termine the  methods  of  survey  and  map  construction,  in  accordance 
with  the  act  of  Assembly  of  the  State  of  I’ennsylvania,  entitled  “An 
act  to  authorize  the  topographic  and  geologic  survey  of  the  State 
in  co-operation  with  the  United  States  Geological  Survey,”  a])proYed 
April  28,  1899. 

2.  The  order  in  which  in  point  of  priointy  different  parts  of  the 
State  shall  be  surveyed  shall  be  agreed  upon  in  detail  between  said 
Commission  and  said  Director. 

3.  The  work  shall  be  based  upon  the  triangulation  of  the  United 
States  Coast  and  Geodetic  Survey,  and,  wlierever  this  triangulation 
is  delicient,  it  shall  be  su])plemented  by  said  co-operative  survey. 

4.  The  survey  shall  be  executed  in  a manner  sufficiently  elaborate 
to  prepare  a topographic  map  upon  the  scale  of  l:G2,o()0  exhibiting 
the  hydrography,  hypsography  and  the  public  culture;  said  survey 
and  map  shall  accurately  show  all  townshij)  and  county  Imundary 
lines  (as  established  by  the  State  laws  at  the  time  of  their  comple- 
tion), and  extensive  wooded  areas  in  this  State  as  existing  on  the 
ground  at  the  time  of  the  execution  of  these  survey’s ; the  localion  of 
all  roads,  railroads,  streams,  canals,  lakes  and  rivers,  and  shall  show 
by  contour  lines  the  elevation  and  depression  of  the  surface  of  the 
country,  also  on  geologic  maps  the  location  of  the  coal^  oil.  nat- 
ural gas,  clay-bearing  and  other  geological  formations.  The  said  topo- 
graphic maps  shall  be  similar  to  the  sheets  already  completed  in 
this  State,  and  the  form  of  the  final  publications  of  the  geological 
map  shall  be  the  same  as  the  Geological  Atlas  of  the  United  States 
Geological  Survey. 

The  primary  field  maps  shall  be  on  such  a scale  as  said  Director 
shall  select  to  secure  accuracy  in  the  construction  of  the  final  ma]). 

0.  It  is  understood  and  agreed  upon  that  the  geological  work  shall 
follow  the  topographic  survey  as  closely  as  consistent  with  economy 
and  in  accordance  with  modern  scientific  methods.  The  time  of  be- 
ginning this  work  to  be  agreed  upon  between  the  State  Survey  Com- 
mission of  Pennsylvania  and  the  United  States  Geological  Survey. 

G.  The  hypsography  shall  be  shown  by  contour  lines  with  vertical 
intervals  of  20  feet,  and  the  heights  of  important  points  shall  be 
determined  and  marked  upon  fixed  and  permanent  bench  marks  in 
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impurtaul;  and  proniineut  places  tki-oughout  the  counties;  also  cor- 
rect meridian  points  shall  be  located  at  each  county  seat  and  records 
furnished  to  the  said  Conunission. 

7.  For  convenience,  the  Fnited  States  Geological  Survey  shall, 
dui-ing  the  ]>rogress  of  the  field  work,  pay  the  salaries  of  the  persons 
eiujdoyed  i herein,  while  the  traveling,  sidisistence  and  field  exjjenses 
shall  be  paid  for  the  same  by  tlie  State.  For  office  work  on  the  map 
tlie  salaries  shall  be  divided  between  the  two  agreeing  parties  in  such 
a way  as  to  e(pmlize  all  exj)e,nses,  provided  that  the  total  cost  to  the 
State  of  Pennsylvania  of  the  field  and  otiice  Avork  and  expense  of  said 
Commission  for  the  year  18b!)  and  1!)00  shall  not  be  more  than  forty 
thousand  dollars  (.f40,0()0),  and  ]n-ovided  that  the  United  States  Geo- 
logical Survey  shall  exi*end  an  equal  amount. 

8.  During  the  ]»rog'ress  of  the  Avork  free  access  to  the  field  sheets  and 
records  of  the  topographers  and  draughtsmen  shall  be  alforded  the 
State  Commisisoners  for  examination  and  criticism;  and  should  they 
deem  th.at  the  Avork  is  not  being  executed  in  accordance  AAith  this 
agreement,  then  the  said  Commissioners  may,  on  formal  notice,  termi- 
nate this  agreement. 

!).  The  lesulting  ma]»s  shall  fully  recognize  the  co-(q»erat ion  of  the 
Stat(*  of  PeiiusylAnniia. 

to.  .\s  the  Avork  is  completed,  the  State  < 'oniniissicm  shall  be  fur- 
nished by  the  United  States  Gtmlogical  Suiwey  Avith  ])hotographic 
co])ies  of  the  niannscrijd  sheets:  and,  Avhen  the  engraving,  Avhich  is 
to  be  done  at  the  cost  of  the  tndted  States  Geological  SurA-ey,  is  com- 
pleted, and  at  all  times  thereafter',  AA'hen  desired,  the  said  Commis- 
sion shall  be  furnished  by  the  said  Snr\my  Avith  transfers  at  cost  of 
j)rinting  from  the  copjter  jdates  of  the  jihotographic  sheets  for  use 
in  piinting  editions  of  said  ma])S. 

Washington,  I).  C.,  duly  12,  tSbO. 

(Signed)  CUAS.  I).  WAl.COTT, 

Director  TJ.  S.  Geological  Suri'ey. 

G.  W.  IMcA'EES, 

SIMON  HAKKOLD, 

FRED.  D.  PARKER, 
Topographic  Survey  Commissioners, 
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Plate  IV.  Key  map  showing  areas  covered  by  publications  of  the  Second  Geo  logical  Survey  of  Pennsylvania. 
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PUBLICATJUJN'S  OF  THE  PENNSYLVANIA  SUEVEYS  AND  OP 
THE  UNITED  STATES  OEOLOGICAL  SUKVEY  EELATJNG 
TO  PENNSYLVANIA. 


First  Geological  Slll•vT3^ 

None  of  the  reports  of  this  siii-ve.y  are  available  for  (listribntit)n. 
Thej'  have  long  been  out  of  print  and  can  only  be  had  from  dealers 
in  second  hand  books. 

Second  Geological  Survey. 

The  reports  of  this  survey  are  also  out  of  print  and  neither  the 
present  survev'  nor  oilier  department  of  the  State  Government  has 
the  same  tor  distribution.  For  convenience  the  following  list  of 
the  publications  of  the  Second  Geological  Survey,  and  Index  Map 
shotying  the  area  covered  by  each  is  here  giveu.  The  reports  can 
generally  be  had  from  dealers  in  second  hand  liooks. 

Annual  Deports. 

1885 — 7C9  pj).  8 ])1.,  Avith  Atlas,  couiains  following  sjiecial  reiiorts: 

L Oil  and  Gas.  John  P.F  Carll. 

2.  '\"egetable  Origin  of  Coal.  Leo  Lesquereux. 

3.  Pittsburg  Coal  Eegion.  E.  V.  d’liivilliers. 

I.  Wellersbttrg  Coal  Basin.  J.  P.  Lesley  and  E.  B.  Harden. 

5.  Tipton  Run  Coal  Basin.  C.  A.  Ashburner. 

().  Anthracite  Coal  Region.  C.  A.  Ashburner. 

7.  Wyoming  Valley  Fossils.  C.  A.  Ashburner  and  A.  Heilprin. 

8.  Bernice  Coal  Basin.  C.  A.  Ashburner. 

9.  Mehoopany  Coal  Field.  I'.  A.  Hill. 

10.  Cornwall  Ore  IMines.  J.  P.  Lesley  and  E.  \'.  dHnvilliei's. 

11.  Delaware  and  Chester  Kaolins.  J.  P.  Lesley  and  C.  A.  Ash- 
burner. 

12.  Quarternary  Geologt',  T\  yoming  Valley.  C.  A.  Ashburner,  F. 
A.  Hill  and  H.  C.  Lewis. 

13.  Pressure,  &c.,  of  Rock  Gas.  J.  P.  Lesley. 

14.  Progress  Geodetic  Survey.  IMansfield  Merriinan. 
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1880 — 4 parts  as  follows: 

i.  Pittsburgh  Coal  Eegion.  E.  V’.  d’lnvilliers. 

ii.  Oil  and  Gas  Eegion.  J.  F.  Carll,  F.  C.  Phillips,  B.  S.  Lyman. 

iii.  Anthracite  Coal  Eegion  witli  Atlas.  F.  A.  Hill. 

iv.  1.  Tlie  Lehigh  Eiver  Cross  Section.  Arthur  Winslow. 

2.  Point  Ores  Along  the  Ijehigh  Eiver.  F.  A.  Hill. 

3.  Iron  Ore  Mines  and  Limestone  Quarries  of  the  Cuniberland- 

Lebanon  Valley.  E.  V.  d’lnvilliers. 

4.  Geology  of  Eadnor  Township,  Delaware  Co.,  &c.,  T.  D.  Hand. 

With  an  Atlas. 

1887 — 105  pp.  map  Eew  Boston  Anthracite  Basin. 

1.  Cave  Fossils.  Prof.  Joseph  Leidy. 

2.  Fossil  Tracks  in  the  Trias.  Atreus  Wanner. 

3.  New  Boston  Anthracite  Basin.  Benj.  Smitli  Lyman. 

4.  State  Line  Serjientine.  Prof.  F.  1).  Chester. 

Miscellaneous  Eeports. 

A.  A History  of  First  Geological  Survey  of  Pennsylvania,  from 
1836  to  1858,  J.  P.  Lesley;  with  annual  re|)orts  of  Board  to  Legis- 
lature for  1874  and  1875.  226  pp.  1876. 

B.  Minerals  of  Pennsylvania,  F.  A.  Genth;  hydr(t-carbon  com- 
pounds, S.  P.  Sadtler;  reference  map.  206  pp.  1875. 

P>2.  Minerals,  F.  A.  Genth,  continued  from  page  207  lo  238.  31  jtp. 
1876.  (Bound  with  B. ) 

M.  Chemical  Analyses  in  1874-5,  A.  S.  McCreath.  105  jtp.  1875. 

M2.  Chemical  Analyses  in  1876-8,  A.  S.  McCreath;  Classification 

of  coals,  P.  Frazer;  Fire-brick  tests,  F.  Platt:  Dolomitic  limestone 
Beds,  J.  P.  Leslej’;  Utilization  of  Anthracite  Slack,  F.  Platt;  Deter- 
mination of  Carbon  in  Iron  or  Steel,  A.  S.  McCreath.  1 folded  ph, 
4 page  pis.  438  i)p.  1879. 

M3.  Chemical  Analyses  in  1879-80,  A.  S.  McCreath;  reference  map 
of  93  iron  ore  mines  in  Cumberland  \'alley.  126  pp.  1881. 

N.  Levels  above  tide  of  railroads,  canal  and  turnpike  stations, 
mountain  toirs,  &c.,  in  and  around  Pennsylvania,  200  tables,  C.  Allen; 
map.  279  pp.  1878. 

O.  Catalogue  of  specimens  collected  by  survey  (No.  1 to  4,264), 

C.  E.  Hall.  217  pp.  1878. 

02.  Catalogue  (continued  from  No.  4,265  to  No.  8,974)  : also  cata- 
logue of  fossils  (])]>.  231  to  239).  272  ])]i.  1880. 

03.  Catalogue  (continued  from  No.  8,975  to  No.  12,872)  ; also  cata- 
logue of  special  collections  of  fossils  in  straiigraphical  order,  from 
201-1  to  C7-4-3;  and  Eevised  Catalogue  of  Eandall’s  collection,  from 
9,467  to  9,625.  260  pp.  1889. 

P.  Coal  Flora  of  Penn.sylvania  and  tbe  T'nited  States.  \'ois.  1 and 
2 (bound  together),  L.  Lesquereux.  694  ]>p.  1880. 

P.  Coal  Flora  of  Pennsylvania  and  the  United  Stales.  Vol.  3,  24 
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dp’ible  page  pis,  (litliograpbed  i of  coal  plants,  to  accompany  1*.,  vols. 
1 and  2.  283  pp.  1884. 

(P).  Atlas  of  87  double  page  pis.  (litbogTapbed)  of  coal  plants 
to  accompany  P.,  vols.  1 and  2.  1879. 

P2.  Penno-Cai-bouiferons  plants  from  W.  Va.  and  Greene  comity, 
Pa.,  W.  M.  Fontaine  and  I.  C.  White.  38  double  ]»age  pis.  (litho- 
graphed). 143  pp.  1880. 

P3.  Ceratiocaridae,  C.  E.  Beecher:  Eurypteridae,  James  Hall.  8 
pis.  39  pp.  1884. 

1*4.  DictiouaiT  of  Fossils  found  in  Pa.  and  elsewhere,  with  electro- 
type illustrations  of  the  various  forms.  2 vols  and  appendix,  J.  P. 
Lesley,  pp.  800.  1889. 

X.  Geological  Hand  Atlas  of  the  07  counties  of  Pa.,  with  short 
explanation  of  the  geological  structure  of  each  county,  embodying 
results  of  field  work  of  the  survey  from  1874  to  1884,  J.  P.  Lesley.  62 
colored  maps  and  cross  section.  112  pp.  1885. 

Z.  Terminal  (Moraine  across  Pennsylvania,  H.  C.  Lewis;  extracts 
from  descriptions  of  the  Moraine  in  Xew  Jersey,  G.  H.  Cook,  and  in 
Ohio,  Kentucky  and  Indiana,  G.  F.  Wright.  Map  of  State,  18  jdioto- 
graphic  views  of  the  Moraine,  and  32  page  plate  maps  and  sections, 
pp.  Ivi  and  299.  1884. 

Grand  Atlas,  I)iv.  I,  Pt.  1,  1885,  port-folio  containing  maps  of  50 
counties  and  parts  of  counties  (scale  2 mi.  to  1 inch)  on  49  sheets 
(20"  X 32"). 

Annual  Eeport,  Pt.  IV,  1886. 

Anthracite  Eegion. 

A2.  Causes,  kinds  and  amount  of  waste  in  mining  authracite,  F. 
Platt;  Methods  of  miniiig  (1  chapter),  J.  P.  Wetherill,  illustrated  by 
35  figures  of  miniug  operations,  i)laii  of  the  Hammond  breaker,  and 
specimen  sheet  of  the  maps  of  the  anthracite  coal  fields,  134  pp.  1881. 

AC.  Mining  Methods,  &c.,  in  the  authracite  coal  fields,  H.  M. 
Chance.  54  pis.  and  60  illustrations  in  text.  574  pp.  1883.  Atlas 
containing  25  pis.  illustrating  coal  mining. 

A.\.  F'irst  report  of  progress  of  the  anthracite  survey ; Panther 
Creek  Basin,  C.  A,  Ashburner:  determination  of  the  latitude  and 
longitude  of  IVilkes-Barre  and  Pottsville,  C.  L.  Doolittle;  theory  of 
stadia,  measnremeuls,  A.  Winslow.  407  jiji.  1883. 

AA.  Second  i-epor(  of  i)rogres.s  of  the  anthracite  survey,  Pt.  i; 
Statistics  of  Production  and  Shipment  for  1883  and  1884,  C.  A.  Ash- 
burner. 

(AA).  Atlas  of  Southern  anthracite  coal  field,  Pt.  I,  13  sheets; 
3 geographical  and  mine  sheets.  3 cross  section  sheets,  3 columnar 
section  sheets,  1 topograjihical  maj)  sheet,  and  1 coad  bed  area  sheet, 
relating  to  the  Panther  Creek  Basin  ; 1 general  map  of  the  authracite 
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region,  and  1 chart  of  anthracite  production  from  1820  to  1881;  C. 
A.  Asldmi-ner,  A.  IV.  Sheafer  and  F.  A.  Hill.  1882. 

(AA).  Atlas  i8outhern  anthracite  held,  Pt.  11,  13  mine  sheets  be- 
tAveeu  Tamaqua  and  Tremont,  F.  A.  Hill  ami  A.  I).  W.  Smith.  1880. 

(AA).  Atlas  Southern  aulhracite  field,  Pt.  ill,  32  mine  sheets  be- 
tAveeu  Tremont  and  western  end  of  the  southern  basin,  and  a general 
map  of  the  anthracite  fields  showing  the  location  of  collieries.  F.  A. 
Hill  and  A.  1).  W.  Sinith.  1889. 

(AA).  Atlas  Southern  anthracite  held,  Pt.  IM  2 vois. 

(AA).  Atlas  Southern  anthracite  held,  Pt. 

(AA).  Atlas  Southern  anthracite  held,  Pt.  VI. 

(AA).  Atlas  of  A'esteim  Middle  anthracite  held,  Pt.  1,  11  sheets; 
1 geological  and  mine  sheets  between  Itelano  and  Locust  Dale,  3 
topographical  sheets  between  Quakake  Junction  and  Mount  Carmel, 
and  4 cross  section  sheets.  C.  Ashbiniier,  Ah  Sheafer  and  Pai'd 
Wells.  3884. 

(AA).  Atlas  of  A'estern  Middle  anthi-acite  field,  l‘t.  it,  11  sheets; 
4 geological  and  mine  sheets  from  Mount  Carmel  to  the  Avesterui  end 
of  the  coal  tiehl,  and  7 columnar  section  sheets  covering  the  entire 
held.  F.  A.  Hill  and  Hard  \VelIs.  ISST. 

(AA).  Atlas  of  \restern  Middle  anthracite  held,  Pt.  III. 

(AA).  xVtlas  ot  Aortheru  anthracite  held,  Pt.  I,  G geological  and 
mine  sheets  lietweeu  Wilkes- Itarre  and  Aanticoke,  3 cross  section 
sheets  and  4 columnar  section  sheets,  C.  xl.  Ashburner  and  F.  xC 
Hill.  188.1. 

(xVA).  x\tlas  of  Northern  anthracite  held,  I’t.  1 1,  10  sheets;  4 mine 
sheets  relating  to  that  portion  of  the  IVyoming- Lackawanna  coal 
basin  between  IVyomiug  and  Taylorville,  and  2 topograjihical  and 
mine  sheets  relating  to  the  extreme  western  end  of  the  IVyoming 
basin;  4 columnar  section  sheets  of  boreholes,  shafts,  and  tunnels; 
F.  xV.  Hill  and  William  Criflith.  1887. 

(Ax\).  Atlas  of  Northei-n  anthracite  held,  Pt.  ill,  8 sheets;  4 mine 
and  4 columnar  section  sheets  i-elating  to  that  jmrtion  of  the  Lacka- 
wanna basin  in  the  vicinity  of  Taylorville,  Minooka,  Scranton,  Dun- 
more  and  Priceville;  F.  xV.  Hill  and  William  Griffith.  1889. 

(AA).  Atlas  of  Northern  anthracite  held,  Pt.  IV,  8 mine  sheets  re- 
lating to  that  portion  of  the  Lackawanna  basin  in  the  vicinity  of  Oly- 
phant, 1‘eckville,  -lessuic  Wintoii,  Archbald,  -lermyn,  Glenwood,  Cai-- 
bojulale,  and  Forest  Oily  in  Lackawanna  and  Suscpiehanna  counties; 
F.  A.  Hill  and  William  Gi-iffith.  1889. 

(xlxV).  Atlas  of  Northern  anthracite  lield,  P(.  V^. 

(x\A).  Atlas  of  Northern  aiilhj-acite  held,  Pt.  XI. 

(AA).  Atlas  Fastern  Middle  anthracite  held,  I’t.  T,  8 sheets;  2 
geological  and  mine  sheets  in  (he  vicinity  of  Hazleton,  Dilfton  and 
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siiiTOuiidiiig  Idwns,  :>  cross  section  sheets  and  :’>  coliiinnai-  section 
sheets;  C.  A.  Ashl)nrnei',  A.  1*.  1‘eilin  and  Ai-thiu-  >Vinslo\v.  1SS5. 

(AA).  Atlas  of  Eastern  Middle  anthracite  field,  Pt.  11,  8 sheets; 
(i  mine  and  2 colninnar  section  sheets  I'elating  to  portions  of  the  Ja‘- 
high  basins  in  the  vicinity  of  U])])er  Lehigh,  Pond  Creek,  Sandy  Pan, 
Eckley,  Weatherly,  Pack  Moualaia,  Peaver  IMeadow,  Colera.ine, 
Jeansville  and  Andenried,  in  Luzerne,  Carbon  and  Schuylkill  coun- 
ties; F.  A.  Hill  and  I P.  IMoister.  1888. 

(AA|.  Atlas  Eastern  ^liddle  anthracite  field,  I*t.  Ill,  P!  sheets;  8 
mine  sheets,  covering  the  entire  western  jairt  of  the  held,  2 columnar 
section  sheets  and  3 cross  section  sheets;  F.  A.  Llill  and  1.  P.  Moister. 
1889. 

Grand  Atlas,  Div.  11,  Pt,  1.  1881.  Port  folio  containing  2(1  sheets 
(2(1"  X 32"),  as  follows:  13  sheets  Allas  Southern  Anthracite  Field, 
Pt.  1,  11  sheets  Atlas  Western  .Middle  Anthracite  Field,  PI.  1,  1 sheet 
photo  views  of  ])laster  models  in  Western,  Middle  and  Southern 
Fields,  and  1 specimen  sheet,  Peport  A2. 

Grand  Atlas,  Div.  II,  Pt.  II,  1885.  Port  folio  c<intaining  22  sheets 
(2(i"  X 32"),  as  follows:  13  sheets  Atlas  Aoi-thern  2i^nthraci(e  Field, 
Pa.  1,  8 sheets  Atlas  Eastern  Middle  Anthracite  Field,  Pt.  1,  and  1 
sheet  containing  a jn-eliminary  general  ma]»  of  the  A,nthracite  Coal 
Fields  and  adjoining  counties. 

For  anthracite  coal  in  Sullivan  counly,  see  G2  and  Annual  Pe- 
port, 1885. 

For  Utilization  of  autliracite  slack,  see  M2. 

For  general  description  anthracite  region,  (^uateinary  (’leology  <»f 
the  Wyoming-Lackawanna  Valley,  &c.,  &c.,  see  Annual  Peport,  1885. 

Annual  Peport,  Pt.  HI.  188(1. 

Pituminous  Coal  Fields  and  Surrounding  Areas. 

H.  First  report  on  Clearfield  and  Jefferson  counties,  F.  Platt.  8 
maps,  2 sections,  139  cuts  in  text.  29G  iip.  1875.  (For  second  rejtort, 
see  H 6,  H 7.) 

H 2.  Cambria  county,  F.  & W.  G.  Platt.  4 maps  and  sections,  and 
84  cuts  in  text.  194  pj).  1877. 

H 3.  Somerset  county,  F.  & W.  G.  Platt.  G maps  and  sections 
and  110  cuts  in  text.  348  p]).  1877. 

Atlas  to  Pe])orts  112  and  113  containing  geological  ma]>s  of  Camlu'ia 
and  Somerset  counties,  with  2 sheets  of  columnar  sections  and  1 
cross  section;  a revision  and  correction  of  1lie  semi-bituminous  coal 
section  at  Wellersburg,  Souiei-set  county,  and  notes  on  the  new  mines 
in  Cambria  county.  1889. 

H 4.  Indiana  county.  W.  G.  Platt.  Colored  geological  map  and 
87  cuts  in  text.  31 G ]»j).  1878. 
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IT  5.  Armstrong'  county,  W.  G.  Platt.  Colored  geological  map  and 
58  cuts  in  text.  338  pp.  1880. 

n 6.  Jefferson  county,  W.  G.  Platt.  Colored  geological  map  and 
57  cuts  in  text.  218  pp.  1881. 

H 7.  Clearfield  county,  H.  M.  Chance.  Colored  geological  map, 
an  outcrop  map  of  Tloutzdale  basin,  and  58  cuts  in  text.  197  pp. 
1884. 

I &.  Venango  county,  J.  P.  Carll;  The  geology  around  Warren,  F. 
A.  Randall ; Notes  on  the  comparative  geology  of  N.  E.  Ohio,  N.  W. 
Pa.,  and  WW.  New  York,  J.  P.  Lesley.  1 small  map  of  the  Venango 
oil  region,  1 small  map  of  the  region  south  and  east  of  Lake  Erie,  1 
long  section  of  the  rocks  at  Warren,  and  7 cuts  in  text.  127  pp.  1875. 
section  of  the  rocks  at  Warren,  and  7 cuts  in  text.  127  pp.  1875. 

I 2.  Oil  well  records  and  levels  in  Venango,  Warren,  Crawford, 
Clarion,  Armstrong,  Butler,  &c.,  J.  F.  Carll.  398  pp.  1877. 

I 3.  Venango,  Warren,  Clarion  and  Butler  Oil  Regions ; descrip- 
tions of  rig,  tools,  &c.,  survey  of  the  Garland  aiid  Panama  conglom- 
erates, &c. ; discussion  of  pre-glacial  and  post-glacial  drainage;  J.  F. 
Carll.  23  page  plates  and  an  atlas.  482  pp.  1889. 

(I  3.),  Atlas  of  22  sheets.  Map  of  Venango  county,  colored  geologi- 
cally; map  lower  oil  field  (Butler,  Armstrong  and  Clarion)  in  two 
sheets;  3 local  contour  maps  at  Franklin,  Titusville  and  Spring- 
Creek  ; 2 maps  of  N.  W.  Pennsylvania,  showing  past  and  present 
drainage ; long  section  across  W.  Pennsylvania ; vertical  section  of  the 
formations  from  the  Upper  Coal  measures  down  to  the  bottom  of  the 
Devonian;  diagram  map  and  section  of  Third  sand;  profile  section 
from  Meadville,  S.  W. ; 5 sheets  of  grouped  oil  well  sections;  5 sheets 
of  working  drawings  for  well  boiing,  &c. ; diagram  of  daily  rate  of 
drilling  six  wells  at  Petrolia. 

I 4.  Warren  county,  J.  F.  Carll.  Colored  geological  map,  map  of 
Warren  oil  region,  and  2 sheets  of  oil  well  sections.  439  pp.  1883. 
(Note — The  first  147  pages  of  this  book  contain  oil  well  records.) 

I 5.  Seventh  report  of  the  oil  and  gas  fields,  for  1887,  1888.  35G 
pp.  1890. 

J.  The  Oil  Region,  H.  E.  Wrigley;  map  and  profile  of  line  levels 
through  Butler,  Armstrong  and  Clarion,  D.  J.  Lucas ; map  and  profile 
of  Slippery  Rock  creek,  J.  P.  Lesley.  5 maps  and  sections,  1 pi.  and 
5 cuts.  122  i>p.  1875. 

K.  Greene  and  Washington  counties,  J.  J.  Stevenson.  2 maps. 
(ShoAving  the  calculated  local  depths  of  the  Pittsburg  and  Woynes- 
burg  coal  beds  beneath  the  surface),  3 page  plates  of  general  sections. 
419  pp.  1876.  (Note — Since  publication  of  this  book  two  colored 
geological  county  maps  have  been  published,  and  Avill  be  found  in 
pocket  of  vol.  K3.) 

K 2.  First  report  on  Fayette,  Westmoreland  and  S.  E.  Allegheny 
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coimties  (i.  e.,  west  of  Cliestunt  liidgei,  J.  J.  SleveJi.st)ii.  colore.J 
geological  maj)s  aud  50  cuts  in  texl.  407  pp.  LSTT. 

K 3.  iSecoiid  report  on  Favelle  and  Westinoreiand  comities  (the 
Ligonier  ^'alleJj,  J.  J.  tSlevenson.  4 page  plates  and  107  cuts  in 
text.  331  pp.  1878. 

K 4.  .Mouongahela  Kiver  Coal  Mines,  from  West  N'irginia  vState 
Line  to  Pittsburgh  (including  some  of  the  Voughiogheny  and  other 
streams),  d.  Sutton  Wall.  3Iap  of  region  in  pocket,  12  heliotype 
pictures.  20  page  plates.  231  pp.  1884. 

L.  Yougliiogheny  coke  manufacture,  F.  Platt;  Yotes  on  the  coal 
and  iron  ore  beds,  C.  A.  Young;  Eeport  on  methods  of  coking,  J. 
Fulton;  Eeport  on  the  use  of  natural  gas  in  the  iron  manufactnre,  J. 
E.  Pearse  and  F.  Platt;  The  Boyd's  Hill  gas  well  at  Pittsburgh,  J.  P. 
Lesley.  Map  of  the  coke  region,  two  folded  plates  of  coke  ovens,  and 
page  i-lates  and  cuts  in  text.  252  jip.  1870. 

(i-  Beaver,  A.  tY.  Allegheny  and  S.  Butler  counties,  1.  C.  White. 
3 colored  geological  county  maps,  and  21  page  plates  of  sections. 
337  pp.  1878. 

Q 2.  Lawrence  county,  and  special  Eeport  on  Correlation  of  the 
Ibuinsylvania  and  Ohio  coal  beds,  1.  C.  WTiite.  Colored  geological 
map  ( county  j and  134  cuts  in  text.  330  pp.  1870. 

<2  3.  Mereer  county,  I.  C.  ATiite.  Colored  geological  county  map 
and  119  cuts  in  text.  233  p)p.  1880. 

(i  4.  Crawford  and  Erie  counties,  1.  C.  White.  2 colored  geologi- 
cal county  maps  and  107  cuts  in  text.  Also,  report  on  a pre-glacial 
outlet  for  Lake  Erie,  J.  W.  Spencer.  2 mai)s  of  the  Lake  region.  400 

pp.  1881. 

K.  Mt^Kean  cdunty,  and  its  geoittgical  connections  with  C:uneron, 
Elk  aud  Forest  counties,  C.  A.  Ashburner.  33  page  jdates  of  vertical 
and  columnar  sections,  itictures  of  Eock  City  and  (Mean  eonglom- 
erate.  Wilcox  and  Kane  spouting  wells,  maj)  of  Howard  Hill  coal 
field,  &c.,  and  an  atlas  of  8 sheets.  3)71  ]»p.  1880. 

( E.  j Atlas  for  McKean  county  of  8 sheets;  colored  geological 
county  map;  3 topogra[diical  maps;  Buffalo  Coal  Company  tract, 
Alton  coal  basin,  and  Potato  Creek  coal  basin ; map  of  alcKeau  oil 
district;  one  sheet  of  colmunar  sections  between  Bradford  and 
Eidgway  and  2 diagram  sheets  ot  ti  e Weil  account  and  Production 
account  in  the  Bradford  district. 

Fv  2.  Pt.  11,  report  on  townshij)  geology  of  Cameron,  Elk  and 
Forest  counties.  C.  A.  Ashbui-ner. 

(E  2. 1 Atlas  for  Cameron,  Elk  and  Forest  counties,  of  11  sheets 
(published  November,  1884,  in  advance  of  the  report)  ; 3 colored  geo- 
logical county  maps;  1 anticlinal  and  synclinal  map;  1 topographical 
map  McKean  county;  2 tract  maps  Forest  and  Elk  counties;  1 map 
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Straight  (herk  coal  basin;  ‘2  sheets  oil  well  sections:  and  1 sheet 
coal  sections. 

\'.  is’.  Ikitler  county;  and  ( I’t.  JI)  special  report  on  the  Beaver 
and  Shenaiigo  river  coal  measures,  H.  J\I.  Chance.  Colored  gecdogical 
map  of  N.  Butler;  contour  htcal  map  around  Barker;  map  of  the 
anticlinal  lolls  in  llie  blh  basin;  chart  of  the  Beaver  and  Shenango 
rivers;  profile  sections  from  Homewood  to  Sharon;  oil  well  locords 
and  surface  sections;  and  154  cuts  in  text.  24<S  ]>]».  1ST!). 

Clarion  county,  H.  M.  Chance.  Colored  geological  county  mai) ; 
map  of  Ihe  aiiticlinals  and  oil  belt;  contoured  maj)  of  (he  old  river 
channel  at  Barker;  4 page  jilates.  and  83  cuts  in  text.  232  pj».  1880. 

Bor  (he  coal  basins  of  Bradford  and  Tioga  comities,  see  rejiort  H. 

Bor  the  coal  basins  of  Lycoming  and  Sullivan,  see  report  G 2. 

Bor  the  coal  basins  of  Botter  county,  see  G 3>. 

Bor  the  coal  basins  of  Clinton  county,  see  G 4. 

Bor  the  coal  in  Wbiyne  connfx,  see  G 5 and  2sorthern  Atlas.  Bart 
R'. 

Bor  the  Bast  Broad  Top  coal  liasin  in  Huntingdon  county,  see  B. 

Bor  the  mountain  coals  in  Blair  county,  see  T. 

Bor  the  Broad  Top  coal  measures  in  Bedford  and  Bulton  counties, 
see  T 2. 

Bor  the  coal  basins  in  Outre  county,  see  T 4. 

Boi-  coal  analyses,  see  M,  IM  2.  M 3. 

Bor  clasitications  of  coals,  see  M 2. 

Bor  coal  plants,  see  B.  P 2. 

Boi-  fossil  crustaceans  in  coal  slate,  see  B 3. 

Bor  origin  of  coal;  Bittsburg  Begion  and  Monoiigahela  \btlley; 
^\'ellersburg  coal  basin,  Someiset  county;  and  Ti[)ton  Bun  coal  beds, 
Jtlair  county;  see  Annual  Bei)orts,  18S5,  and  Atlas  H 2 and  H 3 . 

Grand  Atlas,  Hiv.  11!,  Bt.  1,  1885;  port  folio  containing  35  sheets 
(2f)"  X 32"),  as  follows;  .">2  sheets  relating  to  i)ortions  of  the  Betro- 
leum  and  Bituminous  Coal  Bields,  and  3.  sheets  relating  to  the  Qua- 
ternary pei-iod. 

Annual  Beport,  1880.  Bart  J. 

Betroleum  and  Gas. 

Se(*  reports  1,  1 2,  1 3,  I 4,  and  -I,  under  Bdtunnnous  ('oal  Bields. 

See  L for  the  Biftsb-uigh  gas  well,  and  the  use  of  gas  in  iron  manu- 
facture. 

See  Q,  Q 2,  (2  3,  Q 4,  for  i-eferences  to  oil  rocks  in  Beavei-,  Lawrence, 
IMercer,  CrawT'ord,  Brie  and  S.  Butler  counties. 

See  K for  the  Dunkard  Creek  oil  wells  of  Green  county. 

See  B,  B 2,  for  descriptions  of  oil  locks  in  IMcKean,  Blk  and  Borest 
counties. 
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See  \',  1*,  foi-  miles  on  the  oil  loeks  of  X.  Hiillei-  ;iml  (/larioii 

counties. 

See  il  - loi-  oil  boi-ing  at  (’lierrv  Tree,  Cambria  couiily. 

See  (i  o for  oil  boring  iu  AVayue  eouuty. 

S(%‘  Annual  lve])ort,  ISSo,  for  repori  of  progress  in  the  oil  ami  gas 
region,  with  special  facts  relating  to  the  geology  and  physics  of 
natural  gas. 

See  ilrand  Atlas,  l»iv.  Itl,  i't.  I,  under  l>ii nminons  ('oal  Fields. 

See  Annual  lieports,  188(i.  Part  11. 

X'ortheastern  and  Middle  Pennsylvania. 

( Palaeozoic  formations  from  the  Coal  .Measures  dovn.  i 

D.  First  report  on  Lehigh  county  iron  uiines,  F.  Prime.  Contour 
line  map  of  the  ore  region  and  S jiage  plates.  7d  pp.  IST."). 

1)  2.  Second  report  on  Lehigh  county  iron  mines,  F.  Prime.  C(d- 
ored  geological  contour  line  niaj)  of  the  iron  region  (in  4 sheets), 
colored  geological  contour  line  map  of  the  Ironton  mines,  4 double 
page  litograph  pictures  of  Limestone  (juarries,  and  1 page  idate  of 
itonocraterion.  !J!J  jui.  ISTS. 

t>  •!.  \'ol.  I.  Lehigh  and  X'orlluimpton  counties.  Introduction 

by  -I.  lb  Lesley;  Slate  belt,  IL  II.  Satulers;  Limes. one  belt  ami  iron 
mines,  F.  Prime;  South  Mountain  rocks,  F.  Prime  and  C.  E.  Hall. 
-lithograph  pictures  of  (juarries,  4 jiictures  of  triangulation  stations, 
14  jiage  plates  of  sections,  and  an  atlas  of  maps.  2$;:!  pp.  1SS3. 
(X'ote — For  atlas,  see  below.) 

1)  3.  \'ol.  II.  Berks  county  (South  ilountain  belt  i,  E.  V.  d'lnvil- 
liers.  10  pages  jdates  of  sections  and  Indian  relics,  and  3 pictures 
of  rock  exjiosures.  441  pp.  1883.  (Xiote — For  atlas,  see  below,  i 

(D  3.)  Atlas;  1 colored  geological  map  of  Lehigh  and  Aorthamii- 
ton  counties  ( 1 sheet  i ; 1 colored  geological  contour  line  inaji  of  south- 
ern Northampton  catunty  (0  sheets)  ; a contour  line  map  of  the  moun- 
tains from  the  Delaware  to  the  Schuylkill  (18  .sheets)  ; catlored  geo- 
logical contour  line  index  nia])  to  the  22  sheets  (1  sheet)  ; and  4 sheets 
of  majis  of  iron  mines. 

iD  5)  Atlas  of  colored  geological  county  maps  of  Cumberland. 
1 ranklin  luid  Adams  (o  sheets)  ; and  first  in.stallment  of  contour 
line  map  of  the  South  Mountains,  Sheets  A 1,  A 3,  B 1,  ii  2 |4 
sheets),  A.  E.  Lehman. 

(1)  (i  I Atlas,  South  Mountain,  continued. 

F.  Juniata  Biver  district  in  Mifflin,  Snyder,  and  Huntingdon 
counties,  J.  II.  Dewees;  The  Aughwick  Valley  and  East  Broad  Toji 
region  in  Huntingdon  county,  C.  A.  Ashburiier.  Colored  geological 
majis  ot  i'.ast  Broad  Top  IL  R.  and  Oi'bisonia  \'iciuitv  (2  sheets); 
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Three  Spriugs  map  and  sectimi  (2  (sheets)  ; Sideling  Hill  C'reek  map 
and  section  (2  sheets),  and  isometric  jn-ojection  at  Tliree  Springs 
n sheet)  ; six  folded  cross  sections,  and  22  ])age  jdates  of  local  maps 
and  colnmnar  sections.  H05  ]ip.  1<ST8. 

F 2.  Perry  county  (Pt.  I,  geology),  E.  W.  Claypole.  2 eoloi-ed 
geological  maps  of  the  county;  17  geological  outline  township  ina])s 
as  page  plates,  and  30  page  plate  cross  and  colnmnar  sections.  437 
pp.  3 884. 

F 3.  Union,  Snyder,  Mililin  and  Jnniata  comities,  with  descrip- 
tions of  the  Clinton  Fossil  Ore  mines,  INionellns  Carbonate  ore  mines 
and  Jjewistown  Limestone  Quarries  by  E.  .V.  d’lnvilliers.  Colored 
geological  maps  of  TTiion  and  Snyder  and  of  Mifflin  and  .funiata 
counties.  420  pp.  1891. 

(F  31.  Atlas,  contour  map  and  section  Creenwood  Furnace,  con- 
lonr  map  and  section  Moni-oe  Furnace,  contour  geological  map  of 
Stone  Mountain  Fault,  contour  geological  map  of  parts  of  Hunting- 
don, Mifflin,  Centre  and  Union  counties.  Geological  map  of  jiarts  of 
Jackson  and  Barre  townshijis.  Cross  sections  of  Seven  Mountains. 

G.  Bradford  and  Tioga  counties,  A.  Sherwood;  report  on  their 
coal  fields  (including  forks  of  Pine  Creek  in  Potter  county),  F. 
Platt;  report  on  the  coking  of  bituminous  coal,  J.  Fulton.  (See  L 
above).  2 colored  geological  county  maps,  3 page  plates,  and  35 
cuts  in  text.  271  pp.  1878. 

G 2.  Lycoming  and  Sullivan  counties;  fi(*ld  notes  by  A.  Sherwood; 
coal  basins  by  F.  Platt.  2 colored  geological  county  maps  (of  Ly- 
coming and  Sullivan)  ; topographical  map  (in  2 sheets)  of  the  Little 
Pine  Creek  coal  basin;  and  24  page  pates  of  columnar  sections.  2G8 

pp.  1880. 

G 3.  Potter  county,  A.  Sherwood;  report  on  its  coal  fields,  F. 
Platt.  Colored  geological  county  mai>,  2 folded  plates  and  2 page 
plates  of  sections.  121  pp.  1880. 

G 4.  Report  on  Clinton  county,  H.  M.  Chance,  including  descrip- 
tion of  the  Eenovo  coal  basin,  C.  A.  Ashburner,  and  notes  on  the 
Taugascootac  coal  basin,  F.  Platt.  Colored  geological  county  map, 
1 sheet  of  sections,  local  Renovo  map,  6 page  plates  and  21  sections 
in  text.  183  pp.  1880. 

G 5.  Susquehanna  and  Wayne  counties,  I.  C.  White.  Colored  geo- 
logical map  of  the  two  counties  and  58  cuts  in  ((‘xt.  243  pp.  1881. 

G 0.  Pike  and  Monroe  counties,  I.  C.  While.  2 colored  geological 
county  maps  (1  sheet  Pike  and  Monroe  and  1 sheet  AVyoming)  ; maj) 
of  glacial  scratches,  and  7 small  sections.  Report  on  the  Delaware 
and  Lehigh  Water  Gaps,  with  two  contoured  maps  and  five  sections 
of  the  gaps,  H.  IM.  Chance.  407  pp.  1882. 

G 7.  Wyoming,  Lackawanna,  Luz.erne,  Columbia,  Montour  and 
Northumberland  counties  (i.  e.,  the  parts  lying  outside  of  the  anth- 
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]-acite  coal  fields ),  J.  0.  White.  Colored  geological  map  of  these 
counties  (in  2 sheets),  and  31  page  plate.s  in  text.  KU  pp.  1883. 
l^>^"ote — The  colored  geological  map  of  IVyoming  county  is  published 
in  0 6.) 

T.  Blair  county,  F.  Platt.  35  cuts  in  text  and  an  atlas  of  maps 
and  sections  (see  below).  311  pp.  1881. 

(T)  Atlas  of  colored  geological  contour  line  map  of  Mortison's 
Cove,  Ciinoe  Valley,  Sinking  \'alley  and  country  west  to  the  (Jamhi  ia 
county  line  (14  .sheets);  index  map  of  the  same  (1  sheet);  colored 
sections  (2  sheets).  1881. 

T 2.  Bedford  ;ind  Fulton  c(tunties,  J.  .).  Stevenson.  2 coh>red 
geological  maps  of  tin'  two  counties.  382  [»p.  1882. 

T Huntingdon  county,  1.  C.  IVhite.  Colored  geological  ma]i  of 
I he  cuiiuty,  and  numerious  sect  ions.  471  jip.  1885. 

T 4.  Centre  county,  I'l.  \'.  d'liivilliers;  als(j  special  report,  A.  L. 
Fwiug,  uiiil  extracts  from  re[)ort  to  Jaoh,  Shorh  N (lo.,  by  J.  P.  Lesley, 
Colored  gcoii.gical  maji  of  the  county,  13  page  plates  of  local  maps 
and  sections,  a ad  15  cuts  in  text.  4(14  pp.  1881. 

For  report  on  line  of  the  Terminal  Moraine,  see  Z. 

Grand  Atlas,  llivx  IV,  Pt.  1,  1885.  Port-folio  containing  43  sheets, 
as  follows:  30  sheets  relating  to  the  Durham  and  Beading  Hills  and 
bordering  valleys  in  Aorthamptou,  Lehigh,  Bucks  and  Berks  counties, 
and  13  sheets  relating  to  the  8outh  Mountains  in  Adams,  Franklin, 
Cumberland  and  York  counties. 

Grand  Atlas,  Div.  V,  Pt.  1,  1885.  Port-folio  containing  35  sheets, 
as  follows:  20  sheets  relating  to  the  Topography  and  Geology  of 
the  Palaeozoic  strata  in  parts  of  Cambria,  Blair,  Bedford,  lluutiug- 
don,  ]\littiiu.  Centre  and  Union  counties,  5 sheets  containing  map  and 
geological  cross  section  along  the  east  bank  of  the  Susquehanna 
Biver,  Lancaster  county,  and  1 sheet  containing  cross  sections  of  the 
Philadelphia  belt  of  the  Azoic  rocks. 

For  report  on  Cornwall  Iron  Ore  Mines,  Lebanon  county,  and  the 
Tipton  Bun  coal  beds,  Blair  county,  see  Annual  Beport,  1885. 

For  report  on  the  Iron  Ore  Mines  and  Limestone  Quarries  of  the 
Cumberland-Lebanon  Valley,  and  Paint-ore  along  the  Lehigli  Biver, 
see  Annual,  1886,  Part  IV. 

Southeastern  Pennsylvania. 

C.  York  and  Adams  counties,  P.  Frazer.  1 folded  map  of  a belt 
of  York  county  through  York  and  Hanover,  6 folded  cross  section.?, 
and  2 page  plate  microscopic  slices  of  dolerite.  198  pi).  1876.  (Note 
— The  colored  geological  county  map  of  York  is  published  in  the 
Atlas  to  C 3.) 
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C 2.  York  and  Adams  comities  (tsonlli  ^Mountain  rocks,  iron 
ores,  etc.),  P.  Frazer.  1 general  map  of  the  district,  10  folded  cross 
sections,  and  5 page  plates.  400  pji.  1877.  (Aote — The  colored 
geological  county  map  of  Adams  is  published  in  D b.  i 

(1  lanicastei*  county,  P.  Frazer.  0 double  ]>age  litliogi-aphic 
views  of  slate  quarries  and  Indian-jiictured  rocks;  1 jilate  of  im- 
])ressions  mi  slate,  and  1 oage  plate  microscopic  sectiun  of  tra]i, 
and  ail  atlas.  OoO  ]ip.  ISSO. 

(0  d)  Atlas  of  Id  sheiMs:  ('ulmed  geological  mail  uf  York  county: 
colored  geological  ma]>  uf  Lancaster  county;  Susquehanna  R ver  sec- 
tion. (Sheets  1,  lA,  2,  2A,  d,  4)  ; Lancaster  si'ction;  i’e  piea  section; 
Muddy  Pun  section;  Chestnut  Hill  mines;  Cap  Nickel  mine. 

('  4.  Ch(*ster  county;  general  description,  214  pp.,  -T.  P.  liCsley; 
Field  mites  mi  the  t(iwiishi]:s,  L2)  pp,,  J*.  Fraziu-.  ('nlored  geological 
cminlv  map,  photograiihic  view  of  contorted  schists,  ami  12  page 
]4ates.  d,l)4  jip.  ISSd., 

C b.  1 tela  ware  county,  C.  F.  Hall.  Colored  geological  county  map: 
d>b  photographic  page  iilate  views  of  granite  ijuarries,  kaolin  pits, 
etc.,  and  4 page. plates  of  altered  mica.  128  p]i.  18Sb.  See  Annual 
Peport,  lS8b,  for  Kaolin  re]iorl. 

C ().  Phih!(hd])hia  and  the  southern  parts  of  Montgomery  ami 
Pucks  counties,  F.  Hall.  Coloi-ed  geological  map  of  the  bell  of 
country  between  Trenton  and  Pelaware  county  (in  d sheets),  a 
sheet  of  colored  cross  sections  and  24  cuts  in  text,  lib  ji]).  1882. 

(C  7)  Atlas  to  report  on  Pucks  and  Montgomery  counties,  con 
taiuing  12  sheets  of  tojiographicat  map  of  the  Neshaminy,  Toliickmi 
and  P(u-kiomen  water  basins  by  (he  Ihiiladelphia  \tbiter  Deiiartmeut 
on  a scale  of  LbOO  feet  to  1 inch,  l-lilb()()  of  nature.  1887. 

F Part  1 (historical  introduction  to)  of  a ixqiort  on  the  Azoic 
rocks,  T.  S.  Hunt.  25d  ]ip.  1878. 

For  report  on  the  koalin  dejiosits  of  Chester  and  Delaware  coun- 
ties, see  Annual  Peiiort,  188b. 

For  report  on  the  Ser|Hmtines  of  Padnor  lownshi]),  Delaware  ('o., 
(be.,  see  Annual,  188(i,  Part  1\'. 

See  also  Hraiid  Atlas,  Div.  Pt.  1,  under  Northeastern  ami  (Middle 
Pennsylvania. 

Summary  Pe])ort. 

A'ol.  1.  Laurentian,  Camiu-ian,  Lower  Silurian.  4.  P.  Lesley,  ])p. 
1-710,  1802. 

Nbil.  11.  Fiipei'  Silurian  and  Devonian,  d.  P.  Ja^sley,  pp.  721- 
1028,  ISOd. 

Vol.  ITT,  part  1.  Carboniferous.  J.  P.  Lesley,  F.  V.  d’Invilliers, 
and  A.  D.  tV.  Smith,  pp.  1620-2152,  1805. 

^b)l.  111,  part  2.  Carboniferous,  New  Red.  F.  V.  d’Invilliers  and 
Penjamiii  Smith  Lyman,  jip.  2150-2608,  1805. 
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Atlas,  Final  Snininary  Keport. 

These  volumes  give  in  a eomlensed  lui-in  a sninniary  of  jiraetically 
all  of  the  preceding  imblicatious,  with  some  additional  maher  of 
later  date,  including  a new  geologic  map  of  the  State,  a map  and  list 
of  bituminous  mines,  and  (ill  page  plates. 

Index  of  Final  Summary  lleport,  Wm.  A.  Ingham,  p]).  I DS,  i-xxx, 
ISDo. 
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General  Eeports. 

Eeport  of  fSDD  and  IDOD.  A report  of  185  pages  with  a progress 
map  of  the  State,  showing  the  i-esults  of  topogra])hic  work  a)id  also 
of  the  Co-operative  Geological  Work. 

Eeport  of  ISDD-lOOb.  A rei)ort  of  3(18  pages  with  an  index  map  of 
the  Topographic  and  ('o-operative  Geologic  Woi‘k  in  the  State.  Con- 
tains a list  of  ])Ositions  in  the  State  determined  by  triangula.ion 
and  by  primary  traverse;  a list  and  a description  of  meridian  lines 
and  magnetic  determinations  by  the  United  States  Geological  Survey 
aud  by  the  Coast  and  Geodetic  Survey;  a list  of  determined  eleva- 
tions within  tbe  State,  and  a list  of  published  topographic  atlas 
sheets. 

Eeport  of  190G-1D08.  A report  of  375  pages.  Contains  an  index 
map  of  the  State,  showing  the  location  of  completed  topograjibic 
survey’s  and  of  geological  folios.  A map  showing  the  location  of  the 
various  triangulation  stations  in  the  State  and  the  (luadraugles  witli 
primal-}'  traverse  control.  A map  showing  the  lines  of  tbe  jtrecisi^ 
level  net  ■within  the  State.  A list  of  the  triangulation  stations  and 
])ositions  determined  by  primary  traverse  dnring  the  time  covered 
by  the  report,  and  a list  of  completed  topographic  majis.  D'be  major 
portion  of  the  volume  is  a geological  rejiort,  giving  a sliort  account 
of  the  methods  used  by  the  United  States  Geological  Survey  within 
the  State  and  the  results  of  the  co-ojierative  geidogical  work  within 
the  State,  with  21  jilates  and  21  tigures,  by  Dr.  Geo.  II.  Ashley  and 
others. 

Keport  of  1D()8-1D1D.  Ilringing  the  data  obtained  by  jn-imary  con- 
trol, both  horizontal  and  vertical,  up  to  the  tirst  of  dune,  ID  lb.  A 
list  of  completed  topographic  maps  and  of  the  publications  both  of 
this  Survey  aud  of  the  United  State  Geological  Survey  relating  to 
Pennsylvania.  “A  Preliminary  List  of  the  Fauna  of  the  Allegheny 
and  Conemaugh  Series  in  lAestern  Pennsylvania,”  by  Dr.  P.  E.  Ilay- 
mond.  A paper  on  “The  Present  Status  of  the  Natural  Gas  Develop- 
ment in  Pennsylvania  Fields,”  by  Mr.  Frederick  G.  Clapp. 
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ECONOMIC  KEPORTS. 

Report  Number  1. 

The  Oil  and  jSatiual  Oas  Kesoarces  of  the  Semckley  Quadrangle, 
by  M.  J.  Muuu. 

A detailed  report  on  this  subject  in  this  quadraugle.  This  quad- 
raugie  has  almost  a hundred  distinct  oil  and  gas  lields  and  pools, 
and  the  relation  of  structure  to  the  various  de^josits  forms  a most 
interesting  chapter  on  this  subject.  Perhaiis  the  best  worked  out 
structure  of  any  oil  and  gas  held  in  this  country. 


Report  Number  3. 

The  Oil  and  ^Natural  Oas  Resources  of  the  Clurioii  Quadrangle,  by 
M.  J.  Muun.  A report  on  the  oil  and  gas  development  in  this  quad- 
rangle similar  to  that  of  the  ISewickley  quadrangle  above  mentJoned. 

Report  Numlier  4. 

The  Faitrl  Ores  of  Fennsylvania,  by  Dr.  Benj.  L.  Miller.  A detailed 
report  of  the  various  ores  of  the  fc5taie  used  in  paint  manufacture  and 
of  the  ludusiry  dependent  thereon. 

Report  Number  5. 

The  Talc  and  Serpentines  of  Rastern  Rennsyloania,  by  Dr.  Fred- 
erick B.  Peck.  A short  account  of  these  deposits,  bringing  the  present 
information  up-to-date.  More  ihan  a preliminary  report. 

'1  he  Ceineni  industry  of  Lehigh  and  Northampton  Counties,  by 
Dr.  Frederick  B.  Peck.  An  account  of  tlie  materials  and  the  industry 
in  this  great  cement  region.  Ibis  is  much  more  than  a preliminary 
report. 

IN  PRESS. 

Report  Number  (1. 

The  Graphite  Ores  of  Southeastern  Pennsylvania,  by  Dr.  Benj.  L. 
Miller.  A short  report  on  this  most  interesting  subject.  The  demand 
for  information  along  tliis  line  makes  this  report  most  timely. 


IN  PKEPARATION. 

Repin  t of  1910-1912.  A short  account  of  Ihe  work  of  the  Survey 
during  ibe  two  years  covered  by  the  report.  A list  of  the  completed 
Topographic  maps.  An  Index  iMap  and  descriptive  bst  of  the  pub- 
lications of  the  Second  Geological  Survey  of  Pennsylvania.  A list 
of  the  publications  of  the  present  Survey  and  a list  of  the  publica- 
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fious  of  the  United  Siates  (ieological  f<urvev  velatiug  to  Peunsvl- 
vania  Geology  (maiulr  tlie  result  of  work  done  in  co-operation  \yith 
the  State  organization  i . A preliminary  rei)ort  on  the  limestones  of 
the  York  Valley  llelt  by  M.  L.  Jandorf.  A description  of  the  little 
known  Peridotite  dike  found  in  Fayette  and  (treene  c(junties,  by 
Lloyd  B.  Smith.  A paper  on  the  Geological  Origin  of  the  Fresh 
Water  Fauna  of  Pennsylvania  by  Dr.  A.  E.  Ortmann.  A short  com- 
pilation of  the  statistics  of  the  mineral  production  of  the  State. 

Results  of  the  Topogniphic  Work  in  PennsyJvnnia.  A volume. bring- 
ing together  the  data  relating  to  the  primary  control  work  within 
the  State,  of  interest  to  engineers.  iMap  showing  the  location  of 
the  several  Triaugnlatiorr  Stations  within  the  State  and  the  lines  of 
primary  traverse.  A list  of  the  Triarrgnlation  Stations  and  the  avail- 
able data  concerning  the  same.  A map  showing  the  Primary 
and  Precise  level  lines  withiji  the  State  and  a list  of  the  bench  marks 
and  other  poirrts  whose  elevation  has  beerr  determined.  A urap  show- 
ing the  names  adopted  for  each  of  the  Quadrangles  within  the  State 
and  those  desigirated  where  the  topographic  maps  have  been  issued. 
A list  and  description  of  the  Meridians  established  and  other  mag- 
netic determinations  in  the  State. 

The  Slate  Industry  in  the  SJatington  District,  by  Mr.  A.  P.  Berlin. 
A report  covering  the  slate  industry  in  all  its  phases  in  that  portion 
of  the  slate  belt  lying  near  Slatingtou.  This  is  not  only  a region  of 
very  great  geological  interest  and  of  complicated  structure,  but  one 
of  large  economic  importance.  The  slate  industry  in  Pennsylvania 
is  a large  one  and  the  necessity  of  detailed  study  of  the  structure  and 
of  the  economic  features  of  the  production  of  slate  is  pressing.  It 
is  the  intention  to  follow  this  report  with  a study  of  the  other  produc- 
ing areas  in  the  Slate  Eegion  so  that  the  relations  of  the  dift'erent 
parts  may  be  made  clear  and  the  geology  of  the  whole  area  brought 
into  harmony  with  adjoining  sections. 

The  Broad  Top  Coal  Field.  Work  has  been  in  progress  for  some 
time  in  the  colleciion  of  data  referring  to  this  unique  coal  section. 
It  is  expected  that  held  work  on  the  same  will  be  completed  during 
the  coming  year  and  a detailed  report  covering  the  whole  area  pre- 
pared. 

.-I  Progress  Map  of  South irestein  Pennsylvania.  A map  covering 
2.0  quadrangles,  showing  the  ontcroi)  of  the  Lower  Kittanuing  and 
Lower  Freeport  coals,  with  the  ai-ea  of  the  Pittsburg  coal  shaded, 
'i’he  location  and  extent  nf  the  \arions  oil  and  gas  fields  and  pools  and 
their  relation  to  the  slrnctnre.  which  is  shown  by  contours  on  the 
horizon  of  the  Pittslmrg  coal  over  an  area  of  about  (5,000  square  miles. 

The  ('lay  Industry  of  Western  Pennsylvania.  Considerable  work 
has  been  done  toward  the  compilation  of  data  for  a report  on  the 
Clay  industry  of  the  western  part  of  the  State.  This  is  intended 
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to  cover  that  portion  of  the  State  where  the  fire  clays  are  found,  be- 
ing thus  largely  a report  on  the  Fire  Clay  Industry,  but  will  include 
other  ceramic  prooucts  within  the  area  treated.  Work  will  be  con- 
tinued in  this  line  with  the  intention  of  preparing  a report  which 
will  be  of  value,  not  only  to  the  producers  of  clays,  hut  to  tlie  nianu- 
faetiirers  and  lo  the  consumers  of  clay  products  as  well. 

The  Miiicial  Pi'odufiioii  of  Feiuitiijlvaiiiu  in.  1911.  The  data  for 
reports  on  the  Mineral  L‘roduction  for  l!tll  is  being  rapidly  cotlected 
and  compiled.  As  soon  as  the  uata  is  all  in  and  properly  tauulated, 
reports  will  be  completed  on  the  several  m.nerais  produced  in  the 
State  and  issued  as  rapidly  as  possilble.  Some  of  these  are  now 
well  advanced. 


FLIIILJCATICaS  of  TilF  UALTEO 


STATES  CEOLOO I CA L 


S UK\  EA. 


The  results  of  the  geological  work  done  in  co-operation  with  the 
United  States  Oeological  Survey,  except  as  noted  above,  are  pub- 
lished by  the  Aational  Survey  only. 

The  following  is  a list  of  the  publications  relating  to  PennsjTvania 
geology  and  all  requests  for  the  same  should  be  made  to  The  Director, 
United  States  Ceologicai  Survey,  Washington,  D.  C. 

Folios. 

-Masontown-i  nioiitown  folio,  rennsyivania,  description  by  M.  E. 
Campbell.  Ceologic  Atlas  U.  S.,  folio  yH,  l!)0d. 

Caines  folio,  Penn.stTvania-Aew  York,  description  b}'  M.  L.  Fuller, 
Ceologic  Atlas  f”.  S.,  folio  1)2,  IDdd. 

Elkland-Tioga  folio,  Ueunsylvania-Aew  Yoik,  description  by  M.  L. 
Fuller  and  W.  C.  Alden.  Ceologic  Atlas  U.  S.,  folio  93,  1903. 

El  ownsville-Couneilsville  folio,  Pennsylvania,  descrijition  by  M. 
E.  G'ampbell.  Ceologic  Atlas  U.  S.,  folio  94,  1903. 

Indiana  folio,  Pennsylvania,  description  by  G.  B.  Eichardson.  Ceo- 
logic Atlas  U.  S.,  folio  102,  1904. 

Jiatrobe  folio,  PennstTvania,  description  by  M.  E.  Campbell.  Geo- 
logic Atlas  U.  S.,  folio,  UlO,  1904. 

Kittaiming  folio,  Pennsylvania,  description  by  Charles  Butts.  Geo- 
logic Atlas  U.  S.,  folio  115,  1904. 

Waynesburg  folio,  Pennsylvania,  description  by  E.  W.  Stone,  tleo- 
iogic  Allas  U.  S.,  folio  121,  1905. 
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Elders  liidge  lolic,  l’euiisyi\ ;uiia,  descriptiou  dy  Ji.  A’N’.  Stoue. 
(Teologic  Allas  E.  S.,  folio  12d.  l!i(lo. 

Kurai  \ alley  folio,  Peuiisylvania,  deseript.on  by  Charles  Euits. 
Geologic  Atlas  U.  8.,  folio  125,  lliUo. 

Ebensburg  folio,  l*eiiiisylvauia,  descri])tion  by  Charles  Bulls.  Geo- 
logic Atlas  r.  8.,  folio  13d,  1!)()5. 

Beaver  folio,  Beiinsylvaiiia,  desci-ii)tioii  by  L.  11.  Woolsey.  G(*o- 
logic  Allas  I'.  8.,  folio  134,  1U05. 

Aniily  folio,  I'eniisylvauia,  descriptiou  by  F.  G.  Clapp.  Geologic 
Atlas  U.  8.,  folio  144,  IbOT. 

Kogersville  folio,  i^eniisylvaiiia,  description  by  E.  G.  Clapp.  Geo- 
logic Allas  U.  8.,  folio  143,  1907. 

Accideut-Grautsville  folio,  Beiiiisylvauia-iMaryland-West  Virginia, 
description  by  G.  C.  Martin.  Geologic  Atlas  U.  8.,  folio  IGO,  19(19. 

I’hiladelphia  folio,  Bennsyivania-New-lersey-Delaware,  descriptiou 
by  F.  Basconi,  W.  B.  Clark,  A.  11.  Darton,  41.  B.  Kuiiimel^  If.  D.  8alis- 
bnry,  B.  I^.  iMiller  and  G.  A.  Knapp.  Geologic  Atlas  U.  8.,  folio  132, 
1909.  Covers  Aorristown,  l’hiladeli)hia,  Chester  and  Gerniantown 
(luadrangles. 

iMercersbnrg-Chambersbnrg  folio,  I’ennsylvania,  desciiptiou  by 
George  W.  8tose.  Geologic  Atlas  U.  8.,  folio  170,  1909. 

Warren  folio,  Bennsylvania-Aew  York,  description  by  Charles 
Butts.  Geologic  Atlas  U.  8.,  folio  172,  1910. 

Johnstown  folio,  Beuusylvania,  description  by  W.  C.  IMialau.  Geo- 
logic Atlas  U.  8.,  folio  174,  1910. 

8ewickley  folio,  Penn.sylvaaiia,  descri[>tiou  by  M.  J.  Muuii.  Geo- 
logic Atlas  U.  8.,  folio  173,  1911. 

Burgettstown-Cariiegie  folio,  Pennsylvania,  description  by  E. 
8ha\v  and  AI.  J.  Aluuu.  Geologic  Atlas  U.  8.,  folio  177,  1911. 

Ft)xburg-Clarion  folio,  Pennsylvania,  descriptiou  by  E.  W.  8haw, 
E.  F.  Lines  and  AI.  J.  Aluuu.  Geologic  Atlas  U.  8.,  folio  178,  1911. 

Pawpaw-Ilaucock  folio.  West  Mrginia-Alaryl  and- Pennsylvania, 
description  by  G.  AV.  8tose  and  ('.  K.  8\vartz.  Geologic  Atlas  U.  8., 
folio  179,  1911. 

Claysville  folio,  Pennsylvania,  description  by  Al.  J.  Alunn.  Geo- 
logic Atlas  U.  8.  folio  180,  1911. 

Bulletins. 

Stratigraphy  of  the  bituminous  coal  fields  in  Pennsylvania,  Ghio 
and  West  Mrgiuia,  by  1.  C.  AVhite.  Bull.  Ao.  35,  189t.  pj).  212. 

Limestones  of  southwestern  Pennsylvania,  F.  G.  Clapp.  Bull.  249, 
1905,  pp.  52. 

Alineral  resources  of  the  Elders  Eidge  quadrangle,  Pennsylvania,  by 
R.  AA".  Stone.  Bull.  Ao.  253,  1905.  pp.  83. 


42 


TOPOGltAPHIG  AXD  CEOLoClC  SURVEP. 


Economic  geology  of  the  Kittanniiig  aud  Kural  Valley  quadraugiey, 
reiinsylvania,  by  Charles  Butts.  Bull.  Vo.  279,  1909.  pp.  198. 

Economic  geology  of  the  Beaver  ciuadraugle,  I’enusylvaiiia,  l>,\  1..  If. 
Woolser'.  Bull.  Vo.  28G,  1906.  pp.  132. 

Economic  geology  of  the  Amity  quadrangle,  Pennsylvania,  hy  F.  C. 
Clap]).  Bull.  Vo.  300,  1907.  pp.  115. 

Oil  aud  gas  fields  of  Green  County,  Pennsylvania,  K.  \V.  Stone  and 

F.  G.  Clapp.  Bull.  Vo.  301,  1907.  pp.  110. 

Geology  of  the  oil  and  gas  helds  in  Stcnd)enville,  Burgettstown  and 
Claysville  quadrangles,  Ohio,  West  Virginia  and  Pennsylvania,  W.  T. 
Griswold  and  iM.  J.  Munn.  Bull.  318,  1907.  pj).  196. 

Mineral  resources  of  Johnstown,  Pennsylvania  and  vicinity,  hy  W. 

G.  Phalen  and  Lawrence  IMartin.  Bull.  Vo.  117,  1911.  112  ])]).  7 i)ls. 
Coal,  oil  and  gas  of  the  Foxburg  quadrangle,  I'ennsylvania,  by  E. 

W.  Shaw  and  Al.  J.  Alunn.  Bull.  Vo.  151,  1911.  85  ])]).,  10  pis. 

Oil  and  gas  fields  of  the  Carnegie  quadrangle,  Pennsylvania,  by  AL 
J.  Munn.  Bull.  Vo.  156,  1911.  99  pp.,  5 pis. 

Magnetiie  deposits  of  the  Cornwall  type  in  I’ennsylvania,  by  A.  C. 
Spencer.  Bull.  Vo.  359,  1908.  102  pp.,  2 pis. 

Cojiifcr  deposits  of  the  Appalachian  States  by  AV.  H.  AVeed.  Bui. 
Vo.  155,  1911.  166  pp.,  6 pis. 

On  the  fossil  faunas  of  the  Upper  Devonian,  by  11.  S.  AAuliiams. 
Bull.  Vo.  3,  1881.  36  pp. 

The  Cambrian  rocks  of  Pennsylvania,  by  C.  D.  AValcott.  Bull.  Vo. 
131,  1896.  13  pp.,  15  pis. 

The  Devonian  system  of  eastern  i*eunsylvauia  and  Vew  York,  by 
C.  S.  ITosser.  Bull.  Vo.  120,  1891.  81  pp.,  2 pis. 

The  ancient  volcanic  rocks  of  South  Alouiitain,  Pennsylvania,  by 
F.  Bascom.  Bull.  Vo.  136,  1896.  121  pp.,  28  pis. 

The  Glacial  boundary  in  western  Pennsylvania,  Ohio,  Kentucky, 
Indiana  and  Illinois,  by  G.  F.  AVright.  Bull.  Vo.  58,  1890.  112  pp., 
8 pis. 

Besults  of  spirit  leveling  in  Pennsylvania  for  the  years  1899  to 

1905,  inclusive,  by  S.  S.  Gannett  aud  D.  H.  Baldwin.  Bull.  Vo.  288, 

1906.  62  pp. 

Votes  on  Explosive  nrine  gases  and  dusts,  with  special  reference  to 
exj)losions  in  the  Alouongah,  Darr  and  Va<uni  mines,  by  R.  T.  Cham- 
berlin. Bull.  Vo.  383,  1909.  67  pp. 

The  State  geological  Surveys  of  the  United  States,  compiled  under 
the  direction  of  C.  W.  Hayes.  Bull.  Vo.  465,  1911.  177  pp. 

Economic  l*apers. 

Anthracite  coal  mining,  by  H.  Al.  Chance.  Mineral  resources  U.  S. 
for  1883  and  1884,  1885,  pp.  104-131. 

The  Stratigraphic  succession  of  the  Fossil  Floras  of  the  Pottsville 
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formation  in  tlie  sontliei-u  Autliracile  coal  Held,  I’eniisylvania,  Hy 
David  White.  Twentieth  Ann.  Kept.,  Ft.  II,  FJOO.  ])p.  749-!i:l(). 

(An  account  of  the  occurrence  of  the  Lykems  coaLs  in  Stony  .Moun- 
tain and  in  Ihe  Dauphin  basin.) 

The  Pennsjdvania  Anthracite  Coal  Field,  by  11.  H.  Stocck.  Twenty- 
second  Ann.  Fept.,  Ft.  Ill,  11)02.  pp.  .55-117. 

The  Bitniuinons  Coal  Fields  of  Fenusylvania,  by  David  White  and 
:M.  K.  Campbell.  Twenty-second  Ann.  Kept.,  Ft.  Ill,  1002.  pp.  F27- 
200. 

Recent  work  in  the  Bituminous  Coal  Fields  of  Fennsylvania,  by 
M.  K.  Campbell.  Bull.  No.  213. 

The  Barnesboro-Patton  Coal  Field  of  Central  Pennsylvania,  by  -I. 
S.  Burrows.  Bull.  No.  225. 

The  Elders-Kidge  Coal  Field,  Pennsylvania,  by  K.  W.  Stone.  1 nil. 
No.  225. 

Coal  mining'  along  the  .southeastern  margin  of  the  Wilmnre  basin, 
Cambria  county,  Pennsylvania,  by  Charles  Butts.  Bull.  No.  225. 

Pittsburg  coal  in  the  Burgettstowu  (piadraugle,  Pennsylvania,  by 
W.  T.  Griswold.  Bull.  No.  260. 

ClearHeld  Coal  Field,  Pennsylvania,  by  G.  II.  Ashley.  Bull.  No. 
285. 

The  Punxsutawuey  and  Glen  Cauijdjell  Coal  bdelds  of  Indiana  and 
Jefferson  Counties,  Pennsylvania,  by  F.  B.  Peck  and  G.  II.  Ashley. 
Bull.  No.  285. 

Coals  of  Clarion  quadrangle.  Clarion  county,  E.  F.  Lines.  Bull. 
31G. 

Coal  resources  of  Johnstown  mid  vicinity,  W.  C.  Phalen.  Bull.  316. 
Brownstones  of  Pennsylvania,  T.  C.  Hopkins.  Eighteenth  Annual 
Kept.,  Pt.  V,  1897. 

Cement-rock  deposits  of  the  Lehigh  district,  E.  C.  Eckel.  Bull.  225. 
Cement  resources  of  Pennsylvania,  bj'  E.  C.  Eckel.  Bull.  No.  243. 
Canister  in  Blair  county,  by  Charles  Butts.  Bull.  No.  406. 
Canister  in  Blair  county,  by  Charles  Butts.  Bull.  No.  380. 

Slate  Deposits  and  Slate  Industry  of  the  TTiited  States,  T.  N.  Dale. 
P>ull.  275. 

The  slate  industry  of  Slatington,  Pennsylvania  and  Martinsburg, 
West  Virginia,  T.  N.  Dale.  Bull.  213. 

White  clays  of  South  IMountain.  G.  W.  Stone.  Bull.  315. 

Clays  and  Shales  of  the  Clarion  quadrangle.  Clarion  county,  hi.  F. 
Lines.  Bull.  315. 

Clays  and  shales  of  southwestern  Cambria  county,  IV.  C.  Phalen 
and  Lawrence  Martin.  Bull.  315. 

Notes  on  clays  and  shales  in  central  Pennsylvania,  G.  H.  Ashley. 
Bull.  285. 

Clays  of  the  Ohio  V-alley  in  Pennsylvania,  L.  H.  Woolsey.  Bull.  225. 
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Claj’S  of  the  United  States  east  of  the  Mississippi  river,  by  H.  Ities. 
Prof.  Paper  Jvo.  11. 

Gravel  and  Sand  in  the  Pittsburg  district,  Pennsylvania,  l)y  E.  W. 
Shaw.  Bull  ZS’'o.  430. 

Feldspar  deposits  of  the  United  States,  l)y  E.  S.  Bastin.  Bull.  No. 
42(, 

Barite  in  southern  l*eunsyl\-ania,  by  G.  W.  Stose.  Bull.  No.  22.5. 
.Magnetite  deposits  of  the  Cornwall  ty])e  in  Berks  and  Lebanon 
counties,  A.  C.  Spencer.  Bull.  315. 

Magnetite  deposits  of  the  Cornwall  type  in  I^eiinsylvania,  by  A.  C. 
Spencer.  Bull.  359. 

The  Janss  iron  mine,  Dillsburg,  Penn.sylvania,  by  A.  C.  Spencer. 
Bull.  No.  430. 

Deposits  of  Brown  iron  ore  near  Dillsburg,  York  county,  Pennsyl- 
vania, by  L.  C.  TTarder.  Bull.  No.  430. 

.Mineral  paint  ores  of  Lehigh  (laj*.  E.  C.  Eckel.  Bull.  315. 

Gchei'  deposits  of  eastern  Pennsylvania,  by  .J.  C.  Stoddard  and  A. 
C.  Callen.  Bull.  No.  430. 

Paint  ores  near  Lehigh  Ga}),  IVmnsylvauia,  by  E.  T.  Agthe  and  J. 
L.  Dynan.  Bull.  No.  430. 

Paint  shales  of  Pennsylvania,  by  B.  L.  Miller.  Bull.  No.  470. 
Phosphorus  ore  at  Mount  Dolly  S[)rings,  G.  W.  Stose.  Bull.  315. 

A Phosphate  prosjiect  in  Pennsylvania,  M.  (\  Ihlseng.  Seventeenth 
Annual,  Pt.  Ill,  1890. 

The  Ninevah  and  Gordon  oil  sands  in  western  Greene  county,  Penn- 
sylvania, F.  G.  Clapp.  Bull.  285. 

The  Gaines  oil  field  in  northern  Pennsylvania,  iM.  L.  Fuller.  Twen- 
ty-second Annual  Eept.,  Pt.  Ill,  1902.  pp.  54. 

The  Hyner  gas  pool,  Clinton  county^  by  IM.  L.  Fuller.  Bull.  225. 
Oil  and  gas  fields  of  eastern  Greene  county,  Pennsylvania,  B.  W. 
Stone.  Bull.  225. 

The  copper  deposits  of  South  ^Mountain,  in  southern  Pennsylvania, 
by  G.  W.  Stose.  Bull.  No.  430. 

Copper  deposits  of  the  Appalachian  States,  by  W.  IL  tVard.  Bull. 
No.  455. 

Deiuubiiion  and  erosion  in  the  southern  Ai)])alachian  region  and 
the  ^lonongahela  basin,  !>y  L.  C.  Glenn.  Pi-of.  Ikiper  No.  72. 

Technological. 

Preliminary  report  on  the  operations  of  the  coal-testing  plant  of 
fhe  United  States  Geological  Survey  at  the  Louisiana  Pui-chase  Ex- 
position, St.  Imuis,  Mo.,  1894,  E.  W.  Parker,  -I.  A.  Holmes,  M.  B. 
Campbell,  committee  in  charge.  Bull.  No.  201. 

Sui'vey  Work  on  ('oal  during  1905,  by  IM.  H.  Campbell.  Bull.  No. 
285.  Gives  a short  account  of  geologic  work  on  coal  areas  in  1905, 
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of  file  work  of  the  fnel-testiiig  division,  and  of  the  cla.ssitication  of 
coals. 

Preliminai-y  TJepori  on  the  Operations,  of  the  Fuel-Testing  Plant  of 
the  United  states  Oeological  Survey  at  St.  Louis,  Missouri,  IDOr).  J. 
A.  Holmes,  in  charge.  Bull.  Ao.  290. 

Beport  on  the  Operations  of  the  Coal-Testing  Plant  of  the  United 
States  Geological  Survey  at  the  Louisiana  Purchase  Fxj)osition.  St. 
Louis,  Missouri,  1904.  E.  W.  Parker,  -I.  A.  Holmes,  M.  B.  Cam]>bell, 
committee  in  charge.  Prof.  Paper  Ao.  48,  1900.  ( In  three  parts,  i 

pp.  1,  492. 

Water  Besotirces. 

Water  Besources  of  the  Philadelphia  district,  by  F.  Bascom,  1904. 
W.  S.  Xo.  190. 

QualiW  of  water  in  the  Sus(iuehanna  Biver  drainage  basin,  by  M. 
O.  Leighton,  with  an  introductory  chapter  on  physiogra[)hic  features, 
bt  G.  B.  Hollister,  1904.  W.  S.  Xo.  108. 

Hydrograj)hy  of  the  Susquehanna  Biver  drainage  basin,  by  J.  C. 
Hoyt  and  B.  H.  Anderson,  1905.  W.  S.  Xo.  109. 

Papers  on  the  Water  Besources  of  Chambersburg,  Mercersburg, 
Curwensville,  Ebensburg,  Barnesboro,  Elders  Bidge,  Waynesburg, 
Accident  and  Grantsville  quadrangles,  by  M.  L.  Fuller,  Geologist  in 
charge,  1904.  W.  S.  Xo.  110. 

The  Potomac' Biver  basin,  by  Bailey  Willis,  B.  H.  Bolster,  H.  X. 
Barker,  W.  W.  Ashe  and  M.  C.  -Maesh,  1907.  W.  S.  Xo.  192,  pp.  dCl. 

Underground  waters  of  eastern  United  States,  by  M.  L.  Fuller.  W. 
S.  Xo.  114. 

Papers  on  stream  measurement  have  been  published  under  different 
titles  in  Water-Supi)ly  and  Irrigation  Papers  as  follows:  Xos.  47. 
48  (1901  1,  82  (190.91,  97  (1904l,  125,  12(),  128  (1905  i,  l(i7,  109  (1900), 
202,  203,  205  (1907i,  200  (1907),  241  (1909),  243  (1910),  201,  263, 
281,  283  (1911). 
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LIST  OF  COMPLETED  TOPOGRAPHIC  MAPS, 


The  auuexed  table  represents  the  completed  maps,  which  are  pub- 
lished, and  can  be  had  from  the  United  States  Geological  Survey. 
Others  are  in  course  of  publication  and  will  soon  be  issued. 


Area 

Quadrangle.  mapped. 

Accident  ( Md.-Pa.,-W.  Va.), 25.86 

Allentown 226.73 

Amity 228.40 

Ambiver  (Pa. -Ohio),  17.60 

Rai  nesboro,  226.73 

Reaver,  1 226.73 

Redfoi-d,  228.40 

Rlair  (Pa.-W.  Va.),  .• 26.00 

Rellefonte,  225.90 

Blacksville  ( W.  Va.-Pa.),  26.28 

Rloomsburg,  225.06 

Borden  town  ( N.  J.-Pa.),  2.82 

Boyertown,  227.57 

Brownsville,  228.40 

Bruceton  (W.  Va.-Pa),  26.61 

Burgettstown,  227. .57 

Burlington  (Pa.-N.  J.),  ..  138.50 

Butler,  225.90 

Camden  (N.  J.-Pa.-DeD,a  209.73 

Cameron  (W.  Va.-Ohio-Pa.  , 17.60 

Carlisle,  228.40 

Carnegie,  227.57 

Catawissa,  225.90 

Chambersburg,  229.22 

Chester  ( Pa.-Del.-N . J.),b 153.73 

Clarion,  225.06 


n.  Obeeler  and  Philadelphia  aheeta,  on  acale  of  1:62,500,  have  been  reduced,  and  form  parts  of 
Camden  shett,  on  scale  of  1:125,000. 

b.  Philadelphia  and  vicinity  aiieet  includes  Chester,  Germantown,  Norristown  and  Pliiladelpilia 
sheets. 
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Area 


Quadrangle. 

Clavsville,  

Coatesville,  

Columbiana  (Pa. -Ohio),  

Conneaut  (Pa. -Ohio),  

Connellsville,  

Curwensville,  

Delaware  Water  Gap  (Pa.-N.  J.), 

Doylestown  (Pa.-N.  J.),  

Dundaff,  

Easton  (Pa.-N.  J.),  

Ebensburg,  

Elders  Pidge,  

Elkland,  

Elkton  (Md.-Del.-Pa.),  

Elmira  (N.  Y.-Pa.),  

Emmitsburg  (Md.-Pa.),  

Erie,  

Everett,  

Fairfield,  

Fairview,  

Fliutstone  (Md.-Pa.-W.  Va.), 

Foxburg,  

Franklin,  

Freeport,  

Frostburg  ( ^td.-W.  Va.-Pa.  I 

Gaines 

Germantown  (Pa.-N.  .T.),c  

Gettysburg,  

Girard 

Grantsv'lle  (Md.-Pa.) 


mapped. 

228.40 

220.22 

17.60 

16.00 

228.40 

225.90 

131.01 

207.10 

223.36 

80.18 

227.57 

226.73 

222.50 

28.50 

1.55 

26.00 

114.61 

228.40 

229.22 

22.92 

26.91 

225.06 

224.21 

226.73 

26.37 

222.50 
225.00 
229  22 

219.50 
25.86 


Greensburg 

Hamburg,  

Hancock  ( W.  Va.-iMd.-Pa.), 

Harrisburg,  

Harvey  Lake, 

Havre  de  Grace  (Md.-Pa.), 

Hazleton 

Hilliai-ds 

Hollidaysburg 

Honesdale,  

Honeybrook  (Suidoei 


227.57 

226.73 

25.37 

227.57 

224.21 

25.36 

225.90 

225.06 

227.57 

226.36 

228.40 


PUllartelpliia  and  viciuity  .sLioet  includes  Cnester,  Germantown,  .Norristown  and  Phil.idei'-'-'s 


i 
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Quadrangle. 

llontzdale,  

Unninielstuvrii,  

Hriuringdon,  

Indiana,  

Johnstown,  

Kinsman  (Pa.JJliio  i,  

Kittanning 

Lambertville  (Pa.-K.  J.i,  

Lancaster,  

Latrobe,  

Lebanon,  

Linesville,  

Littleton  ( W.  \'a.  l’a. ) 

Lykens,  

McCalls  Ferry,  

Mahanoy,  

Maunington  ( W.  Va.-Pa.),  

Masontown,  

IMercersburg,  

Middletown,  

Millersbnrg,  

Millerstown,  

Morgantown  (Mb  \’a.-Pa. ),  

Xecv  Hloonilield,  

Xew  Castle,  

Keshannock,  

Kew  Cumberland,  

New  Holland,  

Xew  Kensington 

Nor]'istown,d  

Owego  ( X.  V.-lhi.  I, 

Pai  kton  (iMd.-Pa. ), 

Patton 

7awi>aw  (Md.-^^^  'S’a.-Pa.),  

Philadeljiliia  (i’a.-X.  J.I.e 

Philadelphia  and  \ ioinilv  ( Pa.-X.  d.-l>el.i.r 

Phoenixville 

Pinegrove 

Pittsbnrg,  

Pittston 


Area 
mapped. 
225.90 
227.57 
227.57 
22G.73 
227.57 
17.60 
225.90 
19.86 
228.10 
227.57 
227.57 
223.36 
1.95 
226.73 
229.22 
225.90 
26.28 
229.22 
229  22 


228.10 

226.73 

226.73 

26.90 

227.57 

225.90 

225.06 

228.40 

228.10 

226.73 

228.40 


1.29 

26.00 

226.73 

25.86 

56.00 


623.13 


228.40 

226.73 

227.57 

224.21 


d.  Philadelphia  and  vicinity  sheet  includes  Chester,  Germantown,  Norristown  and  Philadelphia 

sheet. 

e.  Chester  and  Philadelphia  sheets  on  scale  of  1:62,500,  have  been  reduced,  and  form  parts  of 

Camden  sheet,  on  scale  of  1 ,125,000. 

f.  Philadelphia  and  vicinity  sheet  includes  Chester,  Norristown  and  Pliiladelphia  sheets. 
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'I-. 

Quadraiij^le. 

Port  Jervis  (N.  J.-Pa. ), 

Pottsville,  

Pimxsutawuej,  

Qiiakertowii,  

Quarryville,  

Keading,  

Rogersville,  

Tliiral  \'alle.v,  

Scran  tou 

Sewickley,  

Sliaiiiokiii,  

Sheiiango,  

Sliicksliinuy,  

Slatington,  

Smicksbnrg,  

Steubenville  |Obio-W.  \'a.-Pa.),  ... 

Sunbury,  

Taneytown  (Md.-Pa.),  

Tiog-a,  

Union  town,  

Wal]])ack  (N.  J.-Pa.),  

AVarren  (Pa.-N.  Y.  ), 

AVaynesburg,  

AA'ellsville  (01iio-AA\  A'a.-Pa.  i,  

AA'ernersville,  

AAYst  Cbester  ( l*a.-Del.i, 

AA'"e.stminster  ( Aid.-l’a. ) 

AAJieeling  ( AAk  AYi.-Ohio-Pa. ), 

AAJlkes-Barre,  

York,  

York  special,  

Youngstown  (Ohio-Pa.i,  

Zelienople,  


Area 

mapped. 

tj.OO 

220.73 

22.J.90 

227.57 

229.22 

227.57 

229.22 

225.90 

224.21 

220.73 

225.90 

224.21 

225.00 

220.73 

225.90 

17.00 
225.90 

20.00 
225.50 
2‘><)  22 


52.50 

219.00 
229.22 

17.00 
227.57 
105.55 

20.00 
17.00 

225.00 

•)0(j  22 

75.33 

17.00 

225.90 


Total  ai  ea  (139  (|nadraugies  i pnldislied, 


23.322.10 
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ARRENDIX  D 


PRELIMINARY  REPORT  UN  THE  YORK 


\ AI.LIYT  IHME- 


8TONE  PELT  IN 


YORK  COUNTY. 


By  Morton  Lebmayer  Jaiidoif. 


INTRODUCTORY  NOTE. 

The  accompanying  report  on  the  York  Valley  Limestone  Belt  is 
based  on  the  work  of  Mr.  ^1.  L.  Jandorf  during  the  past  year  in  the 
preparation  of  his  senior  thesis  at  tlie  University  of  Pittsburgh.  It 
is  not  intended  as  a final  or  complete  report  on  this  region  but  there 
has  been  quite  a demand  for  some  data  concerning  the  lime  and  lime- 
stone industry  in  Pennsylvania  and  this  report  is  given  as  a contri- 
bution towards  a general  treatment  of  the  subject  which  is  hoped  may 
be  undertaken  at  an  early  date.  The  importance  of  the  iudustiy  in 
Pennsylvania  is  shown  bj^  the  fact  that  during  the  years  1904  to 
1910,  Pennsylvania  produced  lime  to  a value  of  113,999,830,^  out  of 
a total  output  of  $84,840,521  in  the  United  States  or  jone-sixth 
of  the  entire  output.  The  relative  importance  of  thisHadflstry  is 
indicated  by  these  figures  and  that  it  is  a subject  richrly  deserving 
of  study  is  clearly  shown. 

R.  R.  H. 


THE  YORK  VALLEY  LIMESTONE  BELT. 


Introduction. 

This  report  treats  of  the  “Y'ork  Valley”  (Ref.  1,  p.  470 j Limestone 
Belt,  together  with  a desci-iptiou  of  the  Limestone  and  minerals  oc- 
curring therein.  Included,  also,  are  chemical,  physical  and  petro- 
graphical  tests  made  on  certain  limestones,  limes,  hydrates  and 
“traps.” 
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Description  and  Nonienclatnre. 

The  “York  Valley”  Limestone  Belt  is  part  of  a large  body  of  Cam- 
brian limestone,  whose  western  extent  is  observed  at  a point  a few 
miles  west  of  Littlestown,  Adams  county,  Pennsylvania,  and  which 
reaches  in  a northeasterly  direction  throngli  Adams  county  into  and 
through  York  county,  to  and  across  the  Susquehanna  river  and 
through  Lancastei',  Berks  and  Chester  counties,  terminating  in  Mont- 
gomery county. 

The  Northern  Central  Eailway,  “York  Branch,”  and  the  Western 
Maryland  Eailroad  pass  through  the  Limestone  Belt  and  atfurd  ex- 
cellent opportunities  for  study.  Economically,  these  railroads  are  of 
the  utmost  importance  to  the  quarry  owner  and  operator,  for  the  ease 
with  which  limestone  can  be  transported  to  market  is  a most  vital 
qiiestion,  and  these  railroads  afford  ample  and  satisfactoiw  facilities. 

Access  to  all  working  quarries  was  obtained  through  the  courtesy 
of  the  owners  and  superintendents  of  the  quarries  and  associated 
plants  and  full  information  was  cheerfully  given. 

* Topograi)hy. 

Topographically,  the  York  Valley  Limestone  Belt,  is  a narrow  roll- 
ing lowland,  reaching  from  the  Siuinehanna  river  on  the  east,  to 
Littlestown,  Adams  county  on  the  west.  It  is  bounded  on  the  north 
by  low-lying  hills  of  Paleozoic  sediments  which  extend,  in  an  in- 
terrupted chain,  westward  to  the  Adams  county  line,  and  on  the 
south  by  a range  of  hills  composed  of  the  “Azoic  Slates”  of  Eogers, 
which  are  separated,  for  some  distance,  from  the  valley  limestone  by 
Codorus  creek. 

The  Limestone  Belt  is  drained  by  the  Codorus,  Kreutz  (Creitz) 
and  Little  Conewago  creeks  and  this  natural  drainage,  together  with 
the  fertility,  of  the  limestone  soil,  has  resulted  in  a great  agricultural 
centre. 

History. 

In  the  First  Geologio,.  Survey  of  the  State  of  Pennsylvania  (Eef. 
2,  pp.  220-223),  especial  attention  and  discussion  was  given  these 
economically  important  and  areally  extensive  limestones  by  Prof.  H. 
D.  Eogers,  then  State  Geologist  and  his  brother,  W.  B.  Eogers,  who, 
prior  to  the  year  of  publication  (1858)  was  State  Geologist  of  Vir- 
ginia. 

In  the  classification  by  Rogers  these  limestones  were  termed  the 
“Auroral”  limestones,  to  distinguish  them  from  those  foiPKed  at  a 
later  period. 
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ilitj  l.u  t tlicit  the  \ oi'lv  \ I'll  ley”  belt  divides  itsell  into  Dvo 
branches,  about  two  miles  west  nl'  York,  was  discovered  by  Mr. 
Trego  (Kef.  4,  p.  !J7)  who  said  there  were  “two  offshoots”  of  Cambro- 
Silnriau  liinestniie,  one  running  south  of  Hanover  and  Littlestown, 
and  the  other  skirting  the  foot  of  the  “Pigeon  Hills.” 

I ndei  ihe  direction  of  J.  P.  Pesley,  State  Geologist,  detailed  ex- 
aminations were  made  of  these  limestones  during  the  Second  Geo- 
logical Survey.  In  the  Survey  of  York  county  (Kef.  4j,  Persifor 
Prazer,  .Jr.,  Avas  geologist  in  charge,  and  little  of  interest  and  im- 
portance Avas  then  overlooked  by  him  and  his  assistants.  During  the 
oo  Aeais  since  that  time  <]uarrying'  has  been  continuouslA'  in  progress 
and  more  exact  knoAvledge  is  uoav  available  of  the  limestone  belt  and 
its  i-elation  to  oilier  formations. 

GllAPTPK  I. 

Detaihnl  Itonndarv  ot  the  York  \'ailey  Limestoin;  Ihdt.  Xorthern 

lloundai-y. 

'I'his  belt  is  located  between  jiarallels,  .‘I!)®  4.3'  and  40°  ,3',  and  meri- 
dians, 7G°  .JO'  and  77°  o'.  In  general,  Ihe  diji  is  southeast  and  the 
strike  northeast  and  sontliAvest. 

Keginning  at  a point  aitproximalely  ;j,.o00  feet  north  of  Wri<>Iits- 
ville  I Kef.  4,  p.  SO),  along  ihe  Susipiehanna  la'Ami-,  and  conlinuing 
AA'estAAUird,  the  limestoin's  are  observed  to  dij)  southeastward,  laj'ping 
against  the  “hydromica  Schists”  (Kef.  .5.  i».  100  1 and  Potsdam  sand- 
stone (llellam  quartzite,  (Kef.  1,  p.  400 1 as  proAdsioually  termed.) 
This  contact  continues  for  a distance  of  about  seven  miles  AvestAvard. 
A short  distanre  .^outh  of  the  contact  and  in  the  “cut”  of  the  “York 
Krancli”  of  the  Pennsylvania  Kaili-oad,  about  thirty  feet  AA'est  of  the 
York  and  righ (sville  KailAvays  Company’s  bridge,  near  Ston\’  brook 
a “traji  dike  (Ref.  4,  p.  0.5)  cuts  the  limestone  jiroducing  a remark- 
ably clean  and  sharj)  contact,  (see  Plate  \G1).  The  dike  extends  in 
a north-south  direction,  beginning  at  a jioint,  aiiproximately  1,000 
teet  nortliAvest  of  Stony  brook  and  continues  for  several  (about 
tAA’elA'e,  Kef.  0),  miles  soutliAAmrd,  in  the  neighborhood  of  Longstown 
and  thence  toAvar<ls  LogansAdlle.  Xo  contact  minerals  Avere  observed. 

Directly  AA’est  and  Iaa'o  miles  from  the  dike,  the  boundaiA’  .sw  ings 
to  the  nortliAvest,  crossing  the  Yinegai-  (Glatz)  Feri-y  (Ref.  4,  p.  115) 
Koad  at  a jioint  24  miles  northeast  of  York.  Fi'om  here  it  mak'es  a 
sharp  moA'e  tOAvards  the  soutlieast  for  a short  distance  then  sAvings 
around  to  the  nortliAvest  at  tlie  base  of  the  hills  adjoining  Codorns 
creek,  near  “Black  Bridge,”  on  the  Northern  Central  Kaihvay,  thence 
westAA'ard  across  the  road  leading  from  Louck's  mill  to  Stack’s  mill, 
Avhere  a sharp  contact  (a  fcAV  yards  northeast  of  “Lightner’s”  run) 
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A. 

Plate  VII.  Looking  N.  along  the  P.  R.  R.  “York  Branch”  tracks.  Stony 

Brook. 


A. 

Plate  VIII.  “Tiap”  boulders  in  place.  Intersection  of  the  Board 
Road  and  King’s  mill  road. 


B. 


Contact  between  limestone  and  a dike  300  feet  west  of  the  West  York 
dike.  Along  the  W.  M.  K.  R.,  near  Bricklyu.  (Lower  left-hand 
corner — limestone;  center  and  right  of  picture — trap.) 
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between  "hydro-mica  schists”  and  limestone,  occurs.  From  this 
point,  The  l)onndarv  continues  almost  parallel  with  "Lightuer's  inn” 
and  in  a comimratively  wide  belt,  at  the  base  of  tlie  "schists"  and  in 
the  lowland  or  valley,  through  which  the  Harrisburg-lJaltimore  tarn- 
pike  passes.  At  many  jioints  in  the  neighborhood  of  "Lightuer's  run" 
are  nnmerons  beds  of  shale  (possibly  "hydro-mica  schists" j conform- 
ably overlying  the  limestone. 

Continuing  northeastward  for  about  a mile,  the  limestone  swings 
around  in  the  vallej’  towards  flyer's  mill,  along  Codorus  creek  and 
thence,  in  the  lowland,  along  the  south  side  of  Codorus  creek  and 
across  the  stream  in  the  field  at  some  distance  from  the  base  of  the 
“Pleasureville  Hills."  (Kef.  4,  pp.  81)-!Jt) ; Kef.  7,  pp.  11-KJ)  until  it 
again  laps  against  the  “hydro-mica  schists”  about  one  mile  east  of 
Kndy's  mill,  tvhen  it  swings  to  the  northwest  towards  Fniigsville  and 
continues  westward  at  the  base  of  the  “hydro-mica  schists"  until  the 
northern  end  of  Emigsville  is  reached,  where  a contact  between  Tri- 
assic  sandstone  and  shale  and  Cambrian  "hydro-mica  schists"  and 
limestone  occurs. 

Continuing  a little  southwest  of  Emigsville,  the  body  laps  against 
the  Triassic  sandstone  and  shale,  until  a point  is  reached  a few  hun- 
dred feet  south  of  the  intersection  of  the  "Board  Koad”  and  a road 
leading  to  King's  mill,  along  the  Little  Conewago  creek.  Here  a 
sharp  contact  occurs  between  the  limestone  and  the  Triassic  sand- 
stone, conglomerate  and  shale. 

At  the  intersection  of  the  “Board  Koad"  and  King's  mill  road  a 
“trap”  (Plate  ^’lll)  dike  cuts  through  the  Triassic  sandstone,  and,  a 
little  further  southwest,  through  the  limestone  (Cambrian  i.  The 
direction  of  this  dike  is  slightly  northeast-southwest.  Xo  contact 
minerals  have  been  observed  here.  The  microscopical  character  of 
this  dike-rock  is  similar  to  that  of  the  Stony  brook  dike,  except  that 
the  coustituen-ts  are  coarser  grained.  This  dike  is  the  northeastern 
extremity  of  the  one  cutting  the  limestone  at  a point  about  2]  miles 
west  of  York. 

From  here  the  limestones  are  uiiconformably  overlain  on  the  Xoi-th 
by  Triassic  sediments,  until  a point  is  reached  24  miles  northwest 
of  Thomasville,  where  a contact  between  Triassic  sandstone,  shale 
and  conglomerate  and  Cambrian  quartzite  (Potsdam  sandstone), 
occurs.  The  York  Valley  limestones,  at  this  point,  form  an  einbay- 
ment  to  the  northwest  of  the  eastern  extremity  of  the  Pigeon  Hills. 
Continuing  westward  along  the  southern  base  of  this  range,  to  the 
Adams  county  line  (24  miles  northwest  of  Hanover),  the  limestones 
are  conformably  overlaiti  by  Cambrian  quartizite  or  Potsdam  sand- 
stone, which  constitutes  the  entire  range  of  hills  known  as  the 
Pigeon  Hills. 
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Southern  Boundary. 

From  a point  a few  hundred  feet  south  of  the  mouth  of  Creitz 
creek  and  continuing  westward  to  a point  about  miles  southwest 
of  York,  the  limestones  are  faulied  against  the  Azoic  slates  of  Bogers. 
From  this  point,  the  (lodorus  creek  marks  the  boundary  for  5-^  miles. 
One-half  mile  west  of  Spring  Grove,  the  limestones  again  lap  against 
the  Azoic  slates,  westward  to  the  Adams  county  line,  one  mile  west 
of  Hanover,  Fennsylvania. 

A series  of  trap  dikes  cut  the  limestone  belt  at  a point  one-half 
mile  west  of  Hanover  and  continue  southward  to  the  southern  boun- 
dary of  the  limestone.  This  set  of  dikes  is  approximately  three  miles 
in  length  and  strikes  nortli  and  south.  In  all  respects,  they  are 
similar  to  the  Stony  Brook  and  West  York  dikes. 

Generally  speaking,  the  southern  boundary  of  the  York  Valley 
Limestone  Belt  continues  in  a comparatively  straight  line,  from  east 
to  west,  whereas  the  northern  boundary  presents  numerous  extensive 
embayments.  The  narrowest  part  of  the  entire  belt  lies  about  34 
miles  west  of  Spring  Grove,  wiiere  it  is  but  three-eighths  of  a mile 
in  width.  From  here,  however,  the  northern  boundary  winds  around 
the  Pigeon  Hills  until  in  the  neighborhood  of  Hanover,  where  the 
width  of  the  belt  approximates  six  miles. 

West  of  l^ork,  between  York  and  Thomasville,  numerious  dikes  of 
diabase  were  observed,  which  have  heretofore  not  been  recorded. 
Along  the  contact  of  one  of  these  dikes  with  tlie  limestones  under  dis- 
cussion, a deposit  of  high  grade  iron  ore  has  been  discovered. 

West  of  York,  the  general  dip  of  the  limestones  is  to  the  south,  al- 
though this  is  by  no  means  always  the  case.  The  limestones  are 
abundantly  overlain  by  shales  and  these  appear  in  many  instances, 
to  be  shaly  limestones.  Whereas  east  of  York  to  the  Susquehanna 
river  the  shaly  limestones  persist,  west  of  Imrk  to  the  Adams  county 
line  the  most  predominant  type  is  a gray,  compact,  tine  grained  dolo- 
mitic  limestone,  together  with  a subordinate  amount  of  light-blue, 
shaly,  pyritiferous  limestone. 

Near  Bricklyn,  along  the  4Vestern  Maryland  Kailroad,  a contact 
between  the  above-mentioned  shale  and  gray,  dolomitic  limestone  (see 
Plate  IX),  is  noticed  and  this  is  a common  occurrence  at  many  other 
points  throughout  the  ‘Tielt.'’  Between  Smyser’s  Station,  on  the 
York  and  Hanover  trolley  line  and  the  plant  of  the  L.  M.  Palmer 
Lime  Company,  there  is  a knob  consisting  of  beds  of  a green  chloritic 
slate  and  a gray  shale,  both  of  tvhich  dip  to  the  southeast.  Tliis 
knob  continues  westward  forming  a ridge  and  while  it  overlies  the 
limestones,  it  likewise  in  part  separates  the  lime.stone  body,  west 
of  York,  into  two  arms  or  offshoots. 


Plate  IX.  Contact  between  limestone  and  shale.  3i  miles  W.  of  York, 
Pa.,  near  Bricklyn  Station,  on  the  W.  M.  R.  R. 
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Sti-uctural  Geology  of  the  York  Limestoue  Belt. 

This  belt,  with  its  associated  over-aiid  under  lying  loimatluus,  ha> 
been  described  by  previous  geologists.  The  vcriter  makes  no  aiiempt 
to  discuss  the  geology  iu  detail.  A list  of  references  is  given  who  U 
will  enable  any  tjiie  to  obtain  very  complete  informa<^iou  relating  to 
me  geology. 

Beginning  at  a point  just  north  of  Wrightsville,  and  along  the 
Susquehanna  river,  continuing  westward  along  its  northern  bound- 
ary, the  York  \’alley  Limestone  Belt  is  conformably  overlain  by  Cam- 
brian sediments,  composed  of  Potsdam  sandstone  i Hellam  or  Chick- 
ies  quartzite)  with  irregular  intercalated  beds  of  •■h^  dro-mica  ' schists 
until  a point  is  reached  in  the  cut  of  the  Yortheru  Central  Kailway, 
just  north  of  Emigsville.  Fruin  here,  to  the  eastern  base  of  the 
Pigeon  Hills,  the  limestone  is  unconiormably  overlain  by  Idesozoic 
(Triassicj  sediments,  mainly  sandstone,  shales  and  quartzose  con- 
glomerate. Year  the  mouth  of  the  Creitz  creek  and  continuing  west- 
ward along  the  southern  boundary,  the  limestones  are  unconformably 
overlain  by  the  Azoic  slates  of  Eogers,  until  a point  is  reached  about 
4.1  miles  southwest  of  York.  From  there  the  Codorus  creek  marks 
the  boundary  tor  51  miles,  when  the  Azoic  slates  again  appear  and 
continue  westward  to  Adams  county. 

Local  metomorphmm  has  atl'ected  many  parts  of  the  lielt,  resulting 
in  folding  and  fracturing  of  the  beus  often  with  decided  ehauges  iu 
the  dip  and  strike.  IMetamorphie  minerals  are  of  frequent  uceurrence. 

Accordin'^  to  Walcott  (Kef.  1),  and  Frazer  (Kef.  8,  p.  4j  this  body, 
which  the  latter  termed  the  ••York  limestone,  is  a slender  oli'shoot  of 
the  Lancaster  limestone,  these  two  types  liaving  been  considered 
equivalent  to  the  Calciferous  and  Trenton  limestones  of  the  Yew’ 
York  series  (Kef.  4,  p.  40).  The  Hellam  quartzite  forms  a broad 
anticlinal  fold,  surrounded  by  ‘‘hydro-mica'’  schisis.  The  dip  is 
south  and  under  the  slates  t ■•hydro-mica  schists”),  the  dip  of  the' 
slates  being  similarly  south  and  under  the  limestones,  forming  the 
“York  Valley.”  A section  along  the  southern  and  western  boi-iers 
of  the  Hellam  hills  .shows  that  the  quartzite  passes  beneath  a series 
of  shales  iKef.  1,  pp.  47.5  6),  slates,  and  santh'  and  calcareous  layers, 
that  in  turn  pass  under  the  valley  limestones.  Southeast  of  the 
Hellam  hills,  according  to  Walcott,  the  limestones  form  a compressed 
syncliiie.  Frazer  i Kef.  4,  p.  130 ) says  that  there  is  much  uncon- 
formity between  the  ••York"  i Kef.  2.  pp.  220-223)  limestone  and 
“crystalline”  schists  and  summarily  classifies  the  rocks  bearing  upon 
the.se  limestones  as: 

4.  Limestone  (Siluro-Gambrian.  i 
3.  Hydro-mica  schists. 

2.  Quartzite  (Potsdam  .sandstone). 

1.  Chlorite  schists. 


TOrOGRAPIIIC  AND  GEOLOGIC  SURVEY. 

From  tiie  fact  that  in  Tennessee.  Vermont  and  Few  Jersej-,  the  lower 
portion  of  the  great  limestone  series  above  the  quartzite  and  shales, 
is^nndouhtly  of  (fambrian  age  ( Kef.  7,  pp  11-12),  Walcott  thinks 
(Ket.  !),  pp.  .>(>-11)  a shaj-p  line  should  be  drawn  between  Cambrian 
limestone  and  (Jidovician  limestone  (Kef.  7,  pp.  191-S),  in  the  var- 
ious connties  in  Fennsylvauia  thi-ongh  which  the  belt  passes.  This 
he  conclndes  from  tlie  discovery  of  certain  fossils  found  in  these  lime- 
stones, which  are  nndon)»tedIy  of  Cambrian  age.  He  also  contends 
that  (Kef.  1,  p.  47.5)  the  fossils  oI)served  tend  to  classify  the  sand- 
stones, limestones  and  schists  (presnmably  “hydro-mica'’)  as  be- 
hmgiug  to  the  Cambrian  age  and  that  tlie  Kotsdam  horizon  of  the 
Few  York  series  is  represented  by  limestone  in  the  “Amoral”  series 
of  Kogers  (Kef.  2,  p]).  220-:>. ) 

lo  correlat**  the  ditlerent  beds  in  this  region  will  reqnii-e  carefnl 
and  ])at]ent  detailed  study,  owing  to  the  conqdexity  of  the  strnctnre. 
The  i-egion  is  so  iiiglily  fanlled  and  fold(Ml  and  thei-e  is  so  jnnch  cover- 
ing of  soil,  that  it  is  ditlicnlt  to  form  any  definile  opinion  regarding 
tl!(‘  sti-nctnre.  In  genei-al,  liowever,  it  may  1)e  stated  that  from 
])aleontologica]  evidence  gatln-red  tlironghont  tlie  region,  the  lime- 
stones ai'e  cliaractei-istic  of  tlie  lower  and  middle  Camlirian  horizons. 
Fnmei-ous  fossils,  characteristic  of  the  lower  and  middle  Cambrian, 
have  iieen  fonnd  at  or  near  (he  contact  of  ihe  limestones  with  Ihe 
schistose  slates.  The  following  list  of  localities  (Walcott,  Kef.  10, 
])]>.  •)  i •>-•1 1 ~) ) , vilh  the  fossiks  observed,  will  aid  in  detei'inining  tlie 
tiaitni'es  of  the  various  lieds  in  this  district. 

Locality  Fo.  f— (pmrry  in  a field  east  of  the  F.  C.  K.  K.  tracks  and 
neai'  where  the  i-oad  Inriis  east  towards  the  Codoi-ns  Creek.  Strike 
F.  1.5°  V'.  (mag).  Dip  15°  S. 

Locality  Fo.  2— (Quarry  easl  of  the  F.  C.  It.  K.  tracks. 

Locality  Fo.  it— (^nai-ry  along  the  F.  C.  K.  K.  Strike  E.  and  W. 
(mag).  Di])  10°  S.  (At  ja-esent  tilled  with  water.) 

Locality  Fo.  1—1  miles  F.  of  York,  on  the  left  hand  band  of  Co- 
dorns  Creek,  one-eighth  mile  lielow  Myre’s  5Iill,  near  Emigsville. 

Locality  Fo.  5 — .’>  miles  F.  W.  of  York;  S.  of  Emigsville  and  Eisen- 
hardt  s schoolhonse,  on  the  Liverjiool  road  (present  lioard  road). 

i.ocality  Fo.  (i — One  and  one-eighth  miles  F.  of  Stoner's  station 
(along  Wrightsville-Ilanover  Shoil  Line). 

Locality  Fo.  7 — Cntcamji's  (Kottcamp’s;  now  abandoned)  quarry 
F.  of  Cottage  Hill,  York. 

Locality  Fo.  S — Koadside  F.  of  Highland  Park,  York. 

Locality  Fo.  !) — Cellar  diggings.  Penn  and  Forth  Sti-eets,  Voik. 

Locality  Fo.  1(1 — F.  of  locality  Fnmber  1 (about  600'). 

Locality  Xo.  11  2 miles  F.  . of  Localit\’  Fumiter  10. 
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Fossils  Determined. 

Imcality  ]S"o.  1 — fpliidea  Jteiht,  Di  1 lings  ; ^uiidet.  s]»;  co- 

nicd : Frotj/i>iis  sciicvhis,  Millings;  Holviiophni  rtt  and  Zemin  I hoidcfi 
(hotli  trilobites  I.  iiead  of  (‘acli : OU  neUnx.  nndet.  s]»..  fragments  of 
head  and  thorax. 

Locality  fs'o.  - — Fi-agmeiits  of  I’roti/pii.s  Kenecttia,  Hillings;  an 
nndet.  sp.  of  Oleiiellus. 

Locality  Xo.  d — Frolj/pus  smtecfits.  Hillings;  immense  fragments 
of  an  nndet.  sp.  of  OJcne'lIus;  CiisUd  i)lates;  nndet.  sp.  of  Kntorfna; 
Billingsella  festinata,  Billings. 

Locality  No.  4 — Proiiijnis  seiicctiis,  Billings;  nndet.  s]).  of 
?Jcijstites : two  nndet.  s]>.  Brach iopoda . S]»ecimens  collected  hy  Prof. 
A.  Wanner  and  Mr.  ('has.  Schnchei-t. 

Note:  The  two  undetermined  Hiachiopoda,  found  at  the  above  lo- 
cality have  since  been  named  and  belong  to  the  genera  Yoilda  (Bef. 
11,  p.  71.“)),  and  /.v/oso'o.  (Bef.  Id,  p]).  24!)-ddfi.  The  s])ecies  are 
icintm'ri,  Walcott,  and  Xi.sii.siii  fesi i iiafii . Hillings,  (origi- 
nally Billincficlhi  fcslimitii.  Hillings 

Locality  No.  5 — New  S]).  HaltercJJa  conica ; Billiniisetla  fesiiuata, 
Billings;  HijoJitlics  a inericiniits,  Billings;  OleiieUns  idiom psoiti , Hall. 

Note:  Two  new  species  (found  by  Prof.  A.  tVanneri  of  Olcmdhis 
viz  OJcitclhm  dlolmio)  Y’dJcolhnt  nx.  Wanner  (Bef  B’,.  pp.  dliT-dTd ) 
and  Bdedenmids  hduxildiix,  tValcott  (Bef.  14.  pji.  d:n-4ddi.  ix  cnr 
near  locality  No.  5,  in  an  argillaceons  shale  near  Hie  contact  between 
the  Cambrian  and  Triassic. 

Locality  No.  ti — Nnmerons  fi-agnients  of  Oirneilds,  nndet.  sp.  ahnnd- 
ant ; Linmirxsonid  sdi/itidlis. 

A'ote:  The  species  Acrotlude  decipirnx,  ( itef.  11  ji.  Till),  a lower 
Cambrian  hracdiiojiod,  also  occurs  here. 

Locality  No.  7 — An  nndet  sj).  of  ZdCdiithoidex : ('pxlid  plati's;  .1//- 
crudienx,  like  Microdixciis  porkeri,  Walcott:  Binchoparid  dditmxi, 
Billings,  and  Binphopdiid  tedcer,  Billings;  and  nndet.  sp.  of  .Ip- 
raulos. 

Note;  4'he  new  sjiecies  Pm  deiimids  fronsitinis,  Walcott,  occurs 
here. 

Locality  No.  8 — Profi/pux  xenerfiix.  Billings;  a PI  ijchojidiiii ; Olr- 
noides  like  Olenoidex  imircodi.  Whitefield. 

Locality  No.  !) — Zdcd  irtlioidex : fdocuxtifes,  nndet.  sp. : an  nndet. 
sp.  of  Bd  tJiijdriscd.9 : tAvo  nndet.  s]».  of  Pfpclioparid ; an  nndet.  sp,  of 
Acrotrcta:  an  nndet.  sj).  of  Agnosiiix. 

Locality  No.  10 — CumdreJld  minor  and  fragmenr  of  OlcnelUix,  in 
a Calcai-eons  (piartzite. 

Locality  No.  11 — (ddnutreJJd  minor;  Oholelhi  crdxsd  (?1;  Hiioiiilu'x 
communis  and  fragments  of  OlemdJiis,  in  a calcareous  sandstone. 
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Addenda. 

Olvnelltis  Ukiiii ptsoni.  crassitnarginatas  at  Locality  No.  5 and  two 
miles  nortlieast  of  York,  in  drab  and  gray  calcareous,  arenaceous 
and  argillaceous  shale.  Olcnellus  thonipsoni.  Hall,  was  found  at  the 
last  mentioned  locality.  Also  N.  of  the  station  at  Emigsville;  4 miles 
N.  E.  of  York  and  1 mile  S.  of  Mt.  Zion  Church. 

Acrotliele  porkeiisis,  a new  species,  found  in  the  argillaceous  shale 
in  the  railroad  cut,  alongside  the  gashouse,  York,  Pa.,  and  north  and 
N.  E.  of  York.  East,  on  the  strike  of  shale  across  York  County  to 
the  Susquehanna  Eiver. 

According  to  Messrs  Walcott  and  Wanner,  the  fossil  genera  thus 
far  observed  in  the  York  ^'alley  Limestones  are  all  of  Cambrian  age, 
but  the  species  found  characterize  beds  of  lower  and  middle  Cam- 
brian. Itelow  are  two  tables  Number  I,  (Kef.  15  and  Ref.  16),  show- 
ing the  position  of  the  genera  found  in  the  Cambrian  throughout 
the  York  Valley,  and  Number  2 (Ref.  7),  correlating  and  showing  the 
occurrence,  in  other  localities  of  the  “lower  Cambrian”  fauna,  char- 
acteristic of  the  York  V alley  Limestone  Belt. 


Table  No.  1— -Position  in  the  Geological  Scale  of  the  Cambrian  Fauna 
Observed  in  York  Valley  Limestone  Belt. 


Upper  Cambrian,  TRILOBITAE: 

] licellocephalus 

or  BILVCHIOPODA: 

Potsdam 
Horizon. 

PTEROPODA: 

or 

GASTEROPODA: 

ECHINODBRMATA: 

Middle  Cambrian,  TRILOBITAE: 
Paradoxides 

or  BRACHIOPODA: 

Acadian  Horizon. 

PTEROPODA: 

or 

GASTEROPODA: 

ECHINODBRMATA: 

Lower  Cambrian,  TRILOP’TAE: 
Olenellus 
or 

Georgian  Horizon. 

P.RACHIOPODA. 


PTEROPODA: 

or 

GASTEROPODA: 

ECHINODBRMATA: 


ptijrhGiparia , ngraulos,  agnosins , 
microdiscus  (?). 
inlUngsella,  oholeila,  camarella, 
acroireia,  acrotliele, 


hyoUthes. 
eocystites  (?). 

olenoides,  ptyclioparia,  agnostus, 
microdiscus,  solenopleura 
Hnnarssonia,  acrotreta,  nisusia, 
acrotliele. 


liyolitlirs. 

eocystites. 

olenellus.  microdiscus,  ptyclioparia, 
olenoides,  agnostus,  solenopleura, 
hatliyuriscus,  protypiis, 
paedeuviias,  wanneria. 
kutorgina,  ipliidea,  acrotreta,  l)il- 
lingsella,  camarella,  oholeila, 
acrotliele,  nisusia,  yorkia. 

liyolithes,  salterella. 
eocystites. 
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Table  No.  2 — CoiTelatioii  oi’  the  Lower  and  Middle  Cambrian  Fauna 
of  tlie  York  Valley  Limestone  Belt  with  those  of  other  Localities 


Name, 

1. 

2. 

3. 

4. 

6. 

8. 

7. 

8. 

9. 

10. 

11. 

12. 

X 

X 



— 

X 

— 

X 

X 

— 

X 

— 

Hyolithes  communis,  Billings,  

X 

— 

X 

— 

X 

X 

X 

Hyolithes  americanus,  BiUings,  

X 

— 

X 

— 

— 

X 

X 

X 

— 

Salterella  confca,  

X 

X 

X 

X 

X 

— 

X 

? 

X 

? 

— 

Olenellus  thompsoni,  crassimarginatu.s*  

X 

X 

Olenodes  marcoui,  Whitfield 

X 

— 

X 

.... 

X 

— 

.... 

— 

— 

.... 

— 

— 

Zacanthoides  (sp.  undet.),  

X 

Ptychoparia  adamsi,  Billings,  

X 

— 

X 

— 

X 

— 

— 

— 

X 

Ptychoparia  teucer,  Billings,  

X 

— 

X 

— 

X 

— 

— 

Agraulos  (sp.  undet.),  

X 

Protypus  senectus,  Billings  

X 

— 

X 

X 

X 

X 

Solenopleura  (sp.  undet.),  

X 

Obelella  crassa,  Hall,  

X 

— 

X 

— 

— 

X 

X 

Camarella  minor,  Walcott 

X 

Bathjruriscus  (sp.  undet.),  

X 

i 

Olenellus  (Holmia),  or  Wanneria,  walcott- 
anus.  Wanner,  

X 

1 

X 

X 

— 

Nisusia  (Billingsella),  festinata,  Billings,  ... 

X 

— 

X 

— 

X 

1 

X 

Acrothele  decipiens,  

X 

] 

' 

1 

— 

Yorkia  wanneri . 

X 

1 

1 

Paedeumlas  transitans,  Walcott,  

X 

X 

X 

X 

X 

X 

X 

X 

Localities  as  follows:  1.  York  county,  Pa. 

2.  Highland  Range  (Rocky  Mts.) 

3.  BIc  Harbor  (St.  Lawrence  Region). 

4.  Labrador. 

5.  Western  Vermont. 

0.  Eastern  New  York. 

7.  Eastern  Massachusetts. 

8.  Eastern  Tennessee. 

9.  British  Columbia. 

10.  Central  Alabama. 

U.  Newfoimdland. 

12.  Silver  Peak  Range,  Nevada. 


GO 


TOl'OGliArillc:  AAL)  GEOLOGIC  SURVEY. 


DEvSCRIPTION  OF  A SilALL  TRIANGULAR  BODY  OF  LIME- 
STONE NEAR  NEW  HOLLAND,  YOFJv  COUNTY. 


Tills  body  of  liuiestoue,  wliicli  lies  between  parallels  40°3H8"., 
and  40°5'.  and  meridians  7G°40'.,  and  76°4'41".,  is  more  or  less  tri- 
angnlar  in  shape  (Ref.  2,  jip.  220-;))  and  lies  directly  noidhwest  of 
New  Holland  (Saginaw  1’.  O. ) and  along  the  Susquehanna  River. 
It  is  the  termination  in  York  County,  of  the  limestone  body  across 
the  Susijuehanna,  at  Rainbridge  and  Rillniyer  F.  ().,  in  Lancaster 
t'ounty. 

It  is  bounded  on  the  northwest  by  Triassic  ijuartzose  conglomerates 
and  on  the  south  by  “hydro-mica  schists.”  The  southwestern  apex 
of  tlie  triangular  body  terminates  at  the  junction  of  the  Tiiassic 
conglomerate  and  “Hydro-mica  schists.” 

A sharp  contact  between  Triassic  conglomerate  and  dolomitic 
limestone  (Plate  X)  can  be  seen  along  the  road  from  New  Holland 
to  York  Haven,  between  the  Susipiehanna  River  and  the  tracks  of 
the  “Low  grade”  freight  line  of  the  I’ennsylvania  Railroad.  The 
southeastern  Itoundary  is  observed  along  the  river  road,  at  a poini 
a few  hundred  feet  south  of  rhe  Star  Yiew  road  (main  road  to  the 
Aullage). 


Chapter  II. 

I'lcoiiomic  Geology  of  the  York  Valley  Limestone  Belt. 

Limestone. 

Description:  A limestone  is  a rock  composed  in  the  main  of  car- 
lionate  of  lime  or  as  it  is  technically  tei-med,  carbonate  of  calcium 
U]>ou  heating  to  a connun-atively  high  temi)erature^  the  calcium  car 
bonate  splits  iip  into  calcium  oxide,  or  lime,  and  carbonic  gas,  or 
carbon  dioxide.  Its  cheinical  formula  is  CaCOg,  when  absolutely 
pure,  but  commercially,  this  is  not  the  case,  owing  to  the  impurities 
ahvays  present. 

Origin:  The  origin  of  limestones  is  easily  exj)laiued  and  easy  to 
understand.  They  may  be  either  marine  or  lacustrine  dejiosits, 
foruK'd  by  Ihe  chemical  deposition  of  the  calcium  carbonate  contained 
in  the  waters  ( wliicli  invariably  carry  this  salt  in  solution,  in  giealer 
or  lesser  (piantities  i . The  cause  of  deposition  may  be  either  some 
chemical  precipitant  oi-  living  organisms,  such  as  molluscs,  foramiui- 
fera  or  corals.  These  animals,  especially  the  molluscs,  are  capable 
of  secreting  the  calcium  carbonate  from  marine  or  lacustrine  waters 
and  this  secretion  is  the  chief  constituent  of  their  shells.  Naturally, 
when  these  animals  die,  their  shells  sink  to  the  sea  (or  lake)  bottom 
and  by  theii-  rajnd  accumulation,  form  calcareous  beds.  In  falling 


A. 

Plate  X.  Contact  between  the  Cambrian  limestones  and  Triassic  con- 
glomerate. Along  the  trades  of  the  P.  R.  R.  Low-grade  Freight 
Div.  Near  New  Holland,  York  Co.  (Limestone — right  foreground; 
conglomerate — left  of  center.) 


B. 


Contact 

Along 


between  Cambrian  limestone  and  Triassic  conglomerate. 

the  P-  R-  R-  Low-grade  Freight  Division. 
Near  New  Holland,  York  County. 


Plate  XI.  Walcott’s  “Intraformational  Conglomerate.”  In  Stoner’s 
abandoned  quarry,  N.  of  Stoner’s  station,  on  the  P.  R.  R.  “York 
Branch.” 
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to  llie  bottom  these  shells  by  close  and  constant  grinding  are  tinally 
deposited  as  a slimy  mass.  The  grinding  tends  to  eliminate  all 
traces  of  the  original  shell  strnctnre  and  is  the  reason  for  the  scarcity 
of  fossil  remains  in  many  bedded  limestone  deposits,  such  as  the  one 
described  in  this  report. 

The  fact  that  calcium  carbonate  is  very  soluble  in  water  contain- 
ing free  carbon  dioxide,  causes  the  formation  of  a soluble  double 
compound,  viz ; basic  calcium  carbonate  or  calcium  bicarbonate, 
CaHoCoOu  which  compound  (only  known  to  occur  in  solution)  in 
turn,  acts  as  a cement  in  binding  together  the  finely  comminuted  and 
slimy  particles  of  shells. 

It  is  generally  calculated  that  the  primary  crystalline  rocks  con- 
tained from  one  to  fifteen  per  cent,  of  lime.  These  rocks  have  been 
acted  upon  by  atmosi)heric  gases  to  such  an  extent  that  the  basic 
carbonate  was  formed  (together  with  calcium  nitrate  and  sulphate), 
from  the  calcium  silicates,  these  new  calcium  salts  being  soluble  to 
a greater  or  lesser  extent,  filial ly  find  their  way  to  the  ocean,  being 
carried  there  by  running  waters. 

Oolitic  and  pisolitic  limestones,  of  tvhich  there  are  a few  of  the 
latter  type  in  York  County,  owe  their  origin  to  the  fact  that  particles 
of  dust  or  grains  of  silica  suspended  in  springs  containing  much 
lime,  or  in  concentrated  estuarine  or  bay  waters  collect  concentric 
shells  of  calcium  carbonate  and  then  form  the  oolitic  deposits  from 
the  coalescence  of  the  concretions.’- 


PHYSICAL  AND 


CHEMICAL  PEOPEETIES  OF  LIMESTONE. 


Limestones  vary  greatly  in  color,  texture  and  composition.  Earely, 
in  York  County,  is  any  one  type  jiresistant  over  a wide  area.  They 
may  be  fine-grained  and  earthy,  to  coarse-grained ; finely,  to  coarsely- 
crystalline.  They  vary  in  color,  but  are  commonly  blue,  gray,  white 
and  black;  some  are  yellow,  red  or  brown. 

At  various  points  throughout  the  York  Valley  Limestone  Belt, 
a typical  limestone  conglomerate  (Eef.  17,  pp.  192-8)  occurs.  This 
is  especially  so  of  many  outcrops  observed  at  points  on  or  near  the 
road  leading  from  the  Y’ork  and  Wrightsville  turnpike  to  Stoner's 
station  on  the  Peuusylvania  Eailroad,  "York  Bi'auch.”  In  Stoner's 
old  quarry  near  the  railroad  station,  i)arts  of  the  north  wall  (see 
Plate  XI)  present  this  feature.  In  other  parts  of  the  belt,  there  are 
compact  marbles. 

The  color  of  white  and  green  limestones  is  due  to  the  presence  of 
iron  compounds,  such  as  carbonate  and  silicate  of  iron,  i-espectively ; 
in  yellow,  red  and  brown  limestones,  the  color  is  due  to  hydi’ated 
sesquixide  of  iron;  in  black  limestones,  some  carbonceous  matter  is 


^There  are  many  references  on  the  origin  of  limestones,  one  of  the  best  being  Bulletin  No. 
491,  of  the  U.  S.  Geol.  Surv.,  entitled,  “The  I>ata  of  Geochemistry.”  (2d  Ed.)  by  F.  W, 
Clarks. 
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present;  blue  colored  limestones  owe  their  color  chiefly  to  organic 
matter  and  in  a great  majority  of  cases  to  graphitic  carbon,  which, 
when  the  limestone  is  dissolved  in  acid,  floats  as  a scum  on  the  sur 
face.  Many  dark  colored  limestones  emit,  upon  being  struck  with  a 
hamnier,  an  odor  of  sulphuretted  hydrogen. 

G.  P.  Merrill  (Eef.  18,  p.  199)  says  that  the  York  County  lime- 
stones, in  general,  are  very  fine-grained  and  compact  in  texture  and  of 
a dee]>-blue  color.  They  take  a high  polish  and,  but  for  their  uneven 
textui  e,  would  tindoubtedly  make  fine  marbles.  He  further  states 
that  in  Wrightsville,  a white  or  bluish  crystalline,  granular  stone 
is  quarried,  which  takes  a fair  polish. 

Generally  speaking,  however,  the  limestones  in  York  County  vary 
from  a very  pure,  uniformly  composite  type,  to  a true  dolomite.  They 
may  he  either  massive,  compact,  tough  and  thickly-bedded  or  soft, 
shaly,  friable  and  very  thinly-bedded.  The  thickly-bedded  limestones 
are  much  higher  in  lime  content  than  the  thinly-bedded  ones  (high 
in  magnesia  and  silica).  In  color,  they  range  from  a pure,  clear 
white,  resembling  some  fine  marbles,  to  a very  dark-blue,  almost 
blacq  type.  Limestones  possessing  fetid  odors-  were  observed,  the 
odors  being  due  in  part  to  phosphate  of  calcium,  and  to  the  decom- 
position of  iron  sulphide.  In  other  places  limestones  possessing  an 
argillaceous  odor  were  noticed,  this  odor  being  caused  by  the  abund- 
ance of  clayey  matter  present  as  a decomposition  of  some  silicates. 
The  most  persistent  type  of  limestone  possesses  a shaly  and  thinly- 
bedded  appearance. 

[One  may  find  a Avide  Amriation  in  the  composition  of  limestones 
found  in  the  same  quarry.  This  Avas  shown  by  McCreath  (Eef.  3,  pp. 
311-301)  in  Walton’s  tMcCormick’s)  quarry,  opposite  Harrisburg.] 

An  approximate  mean  aATrage  specific  gravity  for  a pure  lime- 
stone is  il.7,  thereby  making  the  weight  of  a cubic  foot  of  pure  lime- 
stone 170  pounds.  A cubic  foot  of  dolomite,  with  a specific  graAuty 
of  2.9,  will  Aveigh  181.25  pounds.  This  physical  character  depends 
in  part  upon  the  chemical  composition  and  constituents,  and  in  part 
on  the  compactness  of  the  limestone.  A perch  of  limestone,  or  2-1.75 
cubic  feet,  will  weigh  about  4,205  pounds,  Avhereas  a perch  of  dolo- 
mite will  Aveigh  approximately  4,450  pounds. 

The  crushing  strength  of  a limestone  ordinarily  varies  from  10,000 
to  16,000  pounds  per  square  inch,  depending  on  the  compactibility 
and  absorptive  power  (in  part,  porosity)  of  the  limestone.  As  a rule 
limestones  are  generally  low  in  absorptive  power,  due  to  the  com- 
pactness of  the  stone.  All  limestones  contain  “quarry  Avater,”  from 
three-tenths  to  five  per  cent.,  varying  Avith  the  porosity  of  the  stone. 
Limestones  are,  as  a rule,  soft,  and  it  is  Avell  to  remember  that  hard- 
ness and  compactness  are  distinctly  different  physical  properties. 


A 

Plate  XII.  S.  W.  wall  of  the  L.  ]M.  Palmer  Lime  Company's  quarry. 
(Tliicklj’-beclclecl  limestones.)  About  2 miles  S.  W.  of  York,  Pa. 


B. 

North  wall  of  the  quarry  of  John  H.  Longstreet.  (Showing  thinlv- 
bedded  limestone.)  2 miles  E,  of  York,  Pa. 


A. 

Plate  XIII.  West  wall  of  the  quarry  of  John  H.  Longstreet.  About 
2 miles  E.  of  York,  Pa.  Showing  shaly  bedding. 


P. 


S.  E.  wall.  Thomasville  Stone  and  Lime  Co.,  Thomasville,  Pa. 
Showing  massive  white  limestone. 
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A limestone  such  as  chalk,  while  very  porous  and  compact,  is  like- 
wise veiy  soft.  On  tlie  other  hand  the  presence  of  too  mnch  silica 
would  pi'ohal)ly  cause  the  limestone  to  become  harder,  but  not  neces- 
sarily moie  compact,  for  example  cahareous  sandstones.  Some  lime- 
stones will  cruml)le  nnder  the  least  compression,  whereas  others  re- 
quire a sharp  blow  to  even  cause  fracturing  or  chipping  off  of  frag- 
ments. 

The  conpdete  calcination  of  a pure  limestonet  i.  e.^  one  very  low 
in  magnesia,  requires  a temperature  vai  ying  between  000°  C.  (1.052° 
F. ) and  1,310°  C.  (2.400°  F.)  , depending  upon  the  textnre  of  the 
stone.  Calcination  begins  at  750°  C.  (1,382°  F. ).  A high  magnesian 
lime,  on  the  other  hand,  is  completely  calcined  at  a tem|)erature 
between  1,000°  C.  and  1,038°  C.  (1,832°  F.  and  1,900°  F.).  An  ab- 
solutely chemically  ]uire  limestone,  other  than  the  mineral  calcite,  is 
never  commeicially  abundaiit,  but  is  often  closely-  approached.  IVere 
such  a limestone  possible,  we  would  find  it  to  be  composed  of  100 
per  cent,  of  calcinm  carlamate,  or  5G  i»er  cent,  of  lime  and  44  per 
cent,  of  carboii  dioxide.  This  lattei-  compound,  being  a gas,  is  usually 
allowed  t(^  escape,  but  is  made  use  of  in  numerons  commercial  op- 
erati(iiis. 

It  is  uunsual  to  obtain  lai-ge  (juantities  of  a veiy  high  grade  lime- 
stone, most  of  them  consisting  of  calcium  carbonate  together  with 
some  magnesium  carbonate,  sesquioxide  of  iron,  iron  disulphide,  or 
the  mineral  pyrite,  silica  as  quartz  or  various  silicates  of  alumina, 
magnesia,  etc.,  and  many  other  minor  impurities  in  too  small  quan- 
tities to  affect  the  burning  of  the  limestone. 

.tlagiiesia,  as  magnesium  carbonate,  when  present  in  a limestone 
is  erroneously  termed  an  imjjuriti/.  It  acts  in  the  same  manner  as 
lime,  but  with  less  rapidity.  Some  limestones  contain  magnesia  in 
the  form  of  dolomite,  occurring  therein,  as  spheroidal,  botryoidal  and 
ii'regularly  outlined  concretions.  Silica,  alumina,  sulphnr,  iron,  phos- 
phorus, etc.,  are  genuine  impurities  and  in  many  instances  are  detri- 
mental to  the  commercial  value  of  the  lime  produced. 
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Typical  Aualy^ses  of  High  Calciiiiii  Liuiestoiies. 


1. 

2. 

3. 

4. 

5. 

CaO.  

54.48 

54.68 

55.74 

54.87 

55.46 

iMjrO,  

0.3G 

0.32 

0.51 

0.20 

0.26 

C0=,  — - 

43.40 

43.44 

42.76 

43.34 

43.86 

SiOc.  

0.89 

0.87 

0.86 

0.40 

0.24 

AI2O3,  - 

0.38 

0.34 

0.29 

0.44 

0.33 

PesO.'s,  __  

0.25 

0.13 

ligO,  

0.04 

Tutal, . 

99.76 

99.78 

100.20 

99.25 

100.20 

CaCOs.  

97.484 

97.768 

97.939 

97.99 

99.034 

1.  Bedford  Portland  Cement  Company,  Bedford,  Ind.,  A.  W.  ymith,  analyst.  20tli  Ann. 

Rep.  U.  S.  Geol.  Sury.  Pt.  G,  p.  381. 

2.  Ibid. 

3.  lola  Portland  Cement  Co.,  lola,  Kansas,  H.  K.  ytokes,  analyst.  Bull.  78,  U.  S.  Geol. 

.Siirv..  p.  124. 

4.  Atlas  Portland  Cement  Co.,  Ilaseo,  JIo.  B.  Bavidson,  analyst. 

5.  Ibid. 

TIk'I'o  are  iinpuvi  I ies  lo-esciil  in  liiiiesloiies  in  various  ioi  ins  and 
conniouiids : 

SiJifd  occni-s  as  iniiiiite  (puirtz  grains,  ipiarl/,  ci-ystals.  ciierl  no- 
dules, iiini  nodules,  vein  (|nariz;  as  silicates  of  magnesia,  jilnniina, 
iron,  etc.,  and  as  opaline  tpiartz  (i-arely  in  bedded  liinesloin*  de- 
posits I. 

Ahnnina  occurs  in  silicates  and  in  cla3KS  of  various  coniposi  I ion  as- 
sociatt'd  wilh  tlie  limestones. 

Iron  is  jiresent,  ]n‘iiuarly  :is  pyrite  or  disnl|diide,  wliicli,  upon 
ex|)osnre,  allers  to  (In*  anlivdons  sesijiiioxide,  lieniatile,  and  evenfn- 
allv  1o  llie  li.vdratcd  sesipiioxide,  linionite.  Iron  is  also  ]>resenl  as 
I lie  carbonale,  siderittg  or  ctirbonate  ot  iron,  and  ankerite,  oi-  car- 
bonaie  of  iron,  nianganese,  imignesiuni  and  calcinin.  Silictites  ot  iron 
are  rai-e  in  lini(>stones,  but  ibere  are  nian\'  silicates  of  inagnesinin 
and  alnniinnin  Unit  contain  iron,  bnl  onl,v,  ;is  :i  rule,  in  ibe  torni  of 
livdrated  oxides. 

Hulphur  is  itresimt  as  ]iyrite.  barite,  gTpsnin,  cbalcojivrite  and 
spbalerile,  but  tlie  lirst  jiri-doniinates  over  the  otliers.  I’vriti*  is  tlie 
disnl])liide  of  iron;  barite,  b.irinin  sulphate;  gTpsnin,  liydrons  <-al- 
cinin  sulphate;  clialcoiiyrile,  iron  and  coiijier  sulphide;  and  sphale- 
rite, zinc  sul])lude.  . . 

PhofijihoiiiH  is  present  as  the  mineral  tijiatitt*  or  eaiciiiin  jihosjihatt' 
(with  tlnorine  or  chorine),  Ihongh  rarely  in  York  (’minty.  It  is 
present  in  some  limestones  in  (|nantities  varying  from  six-tentli  to 
ten  per  cent. 

Fluorine  occurs  in  the  mineral  tlnorite,  llnorsiiar  or  ealeiinn  Hn- 
oride,  and  is  more  abundant  than  it  a]ipears.  It  is  usnallv  found  in 
th(‘  dark  colored  tesjiecially  blnei  limestones;  more  rarely  so,  in 
lighter  eolored  limestones. 
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Viirbon  uceui's  as  the  luiueral  gi-ai)liile,  iisiiallv  iiii[»iue  and  viu- 
coimiiou  to  many  localities. 

Some  of  these  imjmrities  are  detrimental  to  the  limestones  heimi* 
calcining.  Pyrile,  upon  altering^  is  converted  into  brown  hydre.tc'd 
sesqnioxide  of  iron,  wliich  stains  (he  stone,  while  the  snli)luir  present 
forms  snlphnric  acid,  this  iu  tnrn,  decomposing  the  stone,  finally 
causes  disintegration.  Too  mncli  magnesia  will  cause  (he  rock  to 
disintegi'ate  and  crumble,  such  is  the  case  with  the  dolomite  limestone 
new  New  Holland,  York  Comity.  Silica  and  alumina  ai-e  usually 
present  iu  such  forms  as  are  detrimental  to  the  burning  of  lime- 
stone. 

Chemically  pure  limestones  are  readily  soluble  in  watei’  contain- 
ing carbon  dioxide  (carbonic  acid).  Inmestones  are  unaffected  by 
tlnorine,  zinc,  copper,  barium,  etc.,  on  account  of  the  relatively  low 
percentage  of  tliese  elements  pi-csent.  The  magnesia  content  in  a 
limestone  is  variable. 

Calcite  is  chemically  jmre  calcium  cai-boiiate;  magnesite  is  pui-e 
magnesium  carbonate;  dolomite  is  comjn  sed  of  a molecule  of  calcium 
carbonate  and  one  of  magnesium  carbonate  i.  e.,  54.(15  per  cent,  of 
the  former  and  45. US  per  cent,  of  the  latter.  Limestones  have  been 
divided  into  high  calcium  limestones  and  high  magnesinm  limestones. 
The  following  outline  will  show  the  present  scheme  of  classification; 


CALCITE.  dolomite.  MAGNESITE. 

(CaCOs)  (CaCOs  54.65%)  (MgCOa). 

^ 100%)  (MgC03— 45.35%)  (100%  ). 

MgCOa  between  5%  and  45.35%.  MgCOa  between  45.35%  and  100%. 

• Dolomitic  limestones).  iliiiliuic  magnesites). 


As  the  ondine  shows,  limestones  containing  magnesium  c:irbonate 
from  5 ]»or  cent,  to  45.35  pei-  cent.  ;ire  teinied  dolomitic  limestones, 
while  those  whose  magnesinm  carbonate  contenls  are  above  45.35 
])er  cent,  are  termed  imjuire  magnesites.  The  former  type  are  by 
far  the  most  abundant.  Beds  of  pure  dolomite  am  uncommon  in 
comparison  with  those  of  dolomitic  limestones. 

A chemical  distinction  between  a pure  limestone  and  a dolomitic 
limestone  can  be  made  by  comparing  their  solubilities  in  hydmchol- 
oric  acid.  The  pure  limestone  effervesces  at  once  in  cold  hydro- 
chloric acid,  whereas  the  dolomitic  limestone  or  dolomite  dissolves  in 
hot  acid  only.  High  magnesium  limestones  are  usually  coarsely 
crystalline  in  texture,  but  this  is  not  always  the  case.  In  some  the 
texture  may  be  very  finely  grained  and  compact. 
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Eelatiou  of  Limestone  to  Soil  in  York  County. 

Limestone  soils  are  often  the  basis  for  great  agricultural  centers. 
Tills  is  true  of  the  ‘‘Y’ork  Valley”  in  which  the  predominating  rock 
is  limestone,  tlie  action  of  which  upon  the  soil  makes  this  valley  an 
unusually  rich  agriculluial  region. 

I'scs  of  Local  Limestones. 

Limestone  llnds  many  uses  in  the  world  of  industi'y  and  is  one  of 
the  most  important  rocks  with  which  we  have  to  deal.  It  was  used 
for  various  purposes  many  centuries  ago  and  some  of  the  eai-ly  uses 
continue  to  the  present  time. 

Generally,  limestones  are  used  for  manufacturing  lime,  cement 
and  hydrate;  as  a liux  in  many  industries;  as  a fertilizer;  as  ballast 
for  railways  and  railroads;  in  making  concrete;  for  macadamizing 
purposes;  for  curbing,  jiaving  and  flagging;  cj-ude  or  undressed  lime- 
stone is  used  for  foundation  woi-k  in  buildings;  it  is  used  as  a water 
softener;  in  sugar  refineries:  jiajier  mills,  glass  factories,  carbonic 
acid  plants,  alkali  works,  for  decoi-ation,  etc.,  etc. 

Locally  it  is  used  for  cement,  lime,  fertilizer,  macadam,  ballfist, 
Ilux,  hydrate,  concrete  aud  building  stone.  For  convenience  the  uses 
can  be  divided  into  foin-  classi's.  viz: 

1.  Limestones  used  for  structural  jmrposes — Goncrete  ami  founda- 
tion stone. 

2.  Limestones  used  for  road  metal — Macadam  and  ballast. 

3.  Limestone  used  for  burning — Lime,  hydrate  and  cement. 

4.  Limestone  used  for  chemical  aud  agricultural  juirposes — Flux 
and  fertilizer. 

The  following  table  shows  the  uses  of  the  local  limestone  with  the 
number  of  quarries  producing  material  for  each  respective  use: 

Number  of  Quar- 


Uses  of  product.  ries  Producing. 

Eallast 6 

Concrete 8 

Ituilding,  6 

Alacadam,  9 

Cement,  2 

Lime 9 

Hydrate,  1 

Flux,  2 

Fertilizer 2 


It  will  be  seen  from  the  above  table  more  ipiarries  are  producing 
limestone  for  lime,  cement  and  hydrate  than  for  any  oilier  juirpose. 
n’he  limestone  occurring  in  those  quarries  an*  of  except ional  purity 
and  therefore  can  be  satisfactorily  used  fm-  such  iiur|)oses.  In  some 
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quai-i-ies  the  beds  of  limestone  are  impure  vet  easily  quarried,  thus 
makiug  it  profitable  to  work  them  for  ballast,  luaeadam,  building 
stone  and  concrete. 

Where  the  purer  limestones  are  quarrii'd,  in  pieces  too  small  lor 
calcining',  they  are  used  for  finxing  in  the  iron  industry  and  as  fei' 
tilizer.  Limestones  are  not  very  coniiuoiily  nor  extensively  em- 
ployed for  this  latter  pui-jatse,  since  it  has  been  found  by  exqierimeni, 
that  twice  the  amount  of  finely  pulverized  limestone  as  of  lime  is  re- 
quired to  produce  the  same  result.  It  also  rapiires  a longer  ])eriod 
of  time  to  properly  act,  this  being,  in  most  cases,  a disadvantage. 

Ballast  is  a term  given  to  all  kinds  of  stone  used  for  making  the 
rijadbed  of  railways  and  railroads.  Some  of  the  rocks  uscal,  ollun- 
than  limestone,  are  "ti-a]),”  gr;inite  and  gneiss  siialls  and  sandstoiu'. 

Concrete  is  a mechanical  mixture  of  some  rock,  such  as  limestone, 
“trap,”  etc., ‘with  sand  and  cement,  in  ])roper  proportions.  The 
stone  ingredient  is  uscmI  in  sizes  from  three-ipiaiiers  of  an  inch  to  two 
or  three  inches  in  diametei-.  For  heavy  work,  the  sizes  may  reach 
six  inches  to  eight  inches. 

Macadam  is  a term  derived  from  the  fact  that  in  1821)  IMr.  L. 
Macadam  invented  a ]>avenient  of  broken  stones  for  suburban  and 
counti'}^  roads.  This  invention  was  based  On  the  }»roj»erty  possessed 
by  freshly  broken  stone  to  become  comjiacted  and  in  some  cases  ce- 
mented together,  by  the  grinding  and  impact  of  wheels.  A varied 
number  of  stones  can  be  used  for  this  i»ur])ose,  which  fact  is  econom 
ically  important,  as  the  stone  for  macadamizing  a road  must  be  ob- 
tained from  local  sources^  owing  to  the  high  cost  of  transjcortation. 

Lime  is  the  solid  resulting  jcrodnct  obtained  upon  the  calcination 
of  limestone.  The  other  compound,  known  as  carbon  dioxide,  is  in 
most  cases  allowed  to  go  to  waste. 

Portland  cement  reciuires  limestone  Containing  1)5  per  cent,  of  cal- 
cium carbonate  or  higher  and  not  over  two  or  three  jeer  cent,  of  mag- 
nesium carbonate.  Limestones  containing  85  jeer  cent,  calcium  car- 
bonate can  be  used  providing  the  magnesium  carbonate  contents  are 
within  proper  limits  and  the  silica  and  alumina  are  in  proper  jene- 
portions. 

Hydrate.  When  limestones  are  used  for  makiieg  hydrate  they 
must  be  of  high  purity  and  must  slake  readily  and  uniformly  aftei- 
burning. 

Fla.T.  Limestones  commonly  used  for  lluxing  are  required  to  be 
especially  pure  and  uniform  in  composition.  They  must  contain 
practically  no  silica,  jfiiosphorus,  sulphur  and  very  little  magnesia. 
As  a flux  in  glass  making  they  must  be  very  pure  and  must  likewise 
form  easily  soluble  double  silicates,  with  potash,  soda  or  some  other 
base.  In  the  making  of  paper,  a high  grade  magnesium  limestone  is 
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i »‘(iiu]-(*d  to  give  I lie  liigli  uiagnetsiimi  lime  used.  Magnesian  limestones 
are  extensively  used  for  their  magnesia  contents,  which  compound  is 
used  for  many  purposes,  one  extensive  and  well-known  use  being  in 
the  steel  industry. 


(^rAKliYlNth 

In  (juarrying  limestcme,  tlie  opening  oi-  pi-osipect  should  he  so  lo- 
cated that  the  least  jmssihle  slri]iping  is  re(juiie<l.  (hie  (juarry  in  the 
York  Valley  region  reiinires  a large  amount  of  stripjdng,  hut  in  this 
case  the  clay  to  be  stripjied  is  economically  used  in  the  manufacture 
of  brick.  In  many  cases  the  use  of  the  overluirden  of  clay  for  this 
purjiose  is  objectionable,  in  that  it  contiiins  particles  of  limestone, 
which,  when  the  clay  is  converted  into  bricks,  are  calcined  to  lime, 
and  when  the  finished  hiicks  ari'  ex]»osed  to  atmospheric  conditions, 
this  lime,  absorliing  water  and  carbon  dioxide,  expands,'  causing  the 
brick  to  crack  and  often  to  disintegrate'. 

The  limestoiK'  is  blasti'd  down  in  benches  or  levels  and  tlu'  rock 
is  tin'll  fiirthei-  broken  nji  by  men  along  the  working  face  into  sizes 
suitable  for  handling.  After  this  it  is  loaded  mi  cais,  wliicli  in  turn, 
are  raised  from  the  iiuarry  to  the  crusher  or  kilns  by  means  of  a 
cable  and  hoisting  drum,  operated  by  steam  or  electricity.  The  stone 
is  emptied  into  the  crusher  and  after  it  is  crushed  to  the  reipiired 
size  is  fed  beneath  the  crusher  to  a belt  or  chain  convi'yor,  to  which 
are  attached,  at  regular  intervals,  small  iron  buckets  or  scoops. 
These  buckets  convey  the  niatei-ial  to  the  screens  which  are  usually 
made  of  jierforated  sheet-metal  (steel),  and  vary  both  in  size  and  the 
number  of  jierforations  or  rings.  Tlu'se  screens  revolve  and  in  so 
doing  allow  the  screened  material  to  fall  into  storage  bins  or  chutes, 
divided  into  separate  compartments,  each  of  which  contains  material 
(d‘  a dilferent  size.  These  chutes  are  inclined  to  allow  the  material 
to  pass  out  through  outlets  in  each  res[)ective  comjiai-tment.  Each 
outlet  is  about  oiu'  foot  high  and  is  kept  closed  hy  means  of  a sheet- 
iron  jilate  to  which  is  riveted  a handle.  These  jilates  can  hi'  raised 
and  lowered  by  means  of  the  handles.  Cars  or  wagons  are  run  be- 
neath the  chute,  so  that  by  raising  the  jilate,  the  reiiiiired  amount  of 
material  is  discharged  into  them.  The  handle  is  then  pressed  doAvn 
and  tlu'  jiiate  closes  tlie  outh't.  Another  method  of  raising  and 
lowering  these  plates  is  by  means  of  a ])ulley,  r(*pe  or  chain,  to  one 
('11(1  of  which  is  attached  the  plate  and  to  the  other  end  a heavy 
weight.  Tn  raising  the  door,  pre.ssure  downward  is  atiplied  to  the 
weight,  while  in  loAvering  it,  the  weights  are  forced  upwards.  The 
door  and  weights  are  so  made  that  they  balance  one  nnothei-. 

Summai'ily.  the  (luarrying  of  limestone  reipiires  the  following 
ojierations  • 
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a.  Stipping  the  overburden. 

h.  Drilling. 

c.  Blasting. 

d.  Shaping  the  limestone  for  convenient  handling. 

e.  Loading. 

/.  Hoisting  to  the  kilns  or  crusher. 

DriJliiifi  is  inaking  holes  in  rocks  to  receive  the  exjilosive  used  in 
blasting.  The  drills  used  are  either  j-ound  or  he.xagonal  in  ci-oss 
section,  made  of  steel,  cut  to  any  desired  length.  One  or  ))oth  ends 
may  be  forged  into  a cutting  edge  and  so  hardened  by  temjieriiig  tlsat 
it  will  ])enetrate  the  rock,  doing  this  either  by  a rolaiy  moiion  of  the 
drill  or  by  the  chipping  of  the  rock  into  fragments  by  blows.  Drilling 
is  carried  on  by  hand,  steam,  comju'essed  air,  or  electricity.  Locally, 
steam  and  comj^ressed  aii'  drilling  are  resorted  to. 

Hand  drilling  is  sim])le  but  slow.  In  one  quany  (»ne  man  did  the 
drilling,  but  in  most  cases,  one  man  holds  the  drill  and  jcartially  re- 
volves it  aftei-  each  blow,  or  in  some  cases  two  blo^^■s.  if  two  men 
are  doing  the  striking. 

Drills  ojierated  by  steam  and  compressed  air  strike  from  :>tlO  to 
500  blows  per  minute,  which  blows  are  more  ])owerful  than  the 
hammer  blow  made  by  hand.  The  drilling  bits  have  cutting  edges 
of  various  forms,  but  the  use  of  any  particular  form  is  entirely  at 
the  option  of  the  driller,  who  should  know  Avhat  cutting  edge  will  be 
most  suitable  for  the  rock  he  is  drilling. 

Steam  drills  can  often  be  operated  by  one  man,  although  in  many 
quarries  two  men  are  required.  The  drill  sets  on  a tripod  and  the 
entire  outfit  can  be  conveniently  moved  from  place  to  place,  as  it 
can  readily  be  taken  apart.  Air  hammer  drills  are  small  and 
conveniently  handled  by  one  man. 

Blasting  is  the  loosening  of  rock  by  means  of  exjdosives  ajqbied  in 
holes  along  the  face  of  the  (piai-ry.  The  direction  of  a blast  is  deter- 
minded  by  the  direction  of  the  lines  of  least  resistance  in  the  rock. 
Blasting  tends  to  loosen  large  boulders  or  masses,  sometimes  shat'ei'- 
ing  them,  so  that  with  a severe  blow  of  a sledge-hammer  they  will  fail 
apart.  Again,  they  must  be  broken  uj)  by  further  blasting.  Three 
ways  of  breaking  up  the  large  masses  are  enqdoyed,  namely: 

a.  Block-holing. 

b.  Mud-capping. 

c.  Undennining. 

The  first  method  consists  in  drilling  a shallow  hole  in  the  rock  and 
exploding  a small  charge  of  high-power  explosive  in  the  hohx  ddie 
second  method  is  performed  by  firing  some  dynamite  on  top  of  the 
rock,  the  dynamite  being  covered  with  a (piantity  of  earth  or  wet- 
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clay  (mud  ).  Tlie  tliircl  method  consists  of  boring  a hole  in  the  ground 
beneath  the  boulder  and  liring  a charge  of  dynamite  in  the  hole.  The 
first  two  methods  are  most  commonly  employed. 

Two  kinds  of  explosives  are  used  in  local  quarrying  namely;  Dyna- 
mite and  black  powder. 

Dynamite  having  a strength  of  40  per  cent,  is  generally  used  in 
quarjying  stone  for  ballast,  macadam,  etc.  Among  tbe  common  ty])es 
of  explosives  used  may  be  mentioned  Atlas,  A and  15,  Giant  Powder 
Ao.  1 and  No.  2,  Carbouite,  llercnles  and  N'nlcan.  Pelow  are  tabu- 
lated the  relative  composition  of  each  of  flie  above  mentioned  ex- 
plosives: 


Atlas. 

A. 

Atlas. 

B. 

Giant. 

1- 

Giant. 

2. 

Car- 

bonite. 

Her- 

cuies. 

Vulcan. 

Nitro-glvcerine 

75 

.50 

75 

40 

25 

40 

30 

Wood  fibre,  

21 

14 

Sod.  nitr.,  . .... 

2 

34 

1 

40 

34 

62.5 

Potas.  nitr.,  

31 

Mapf  pnrh  , 

2 

2 

0.5 

10 

0.5 

7. 

6 

Pnwd  rps. 

8 

24.5 

8 

3.34 

15.66 

10.6 

40.5 

100 

100 

101 

102 

lOO 

100 

100 

The  operations  necessary  for  bla.sting  wiili  .,amite  are; 

a.  Poring  or  drilling  tlio  hole. 

b.  Cleaning  out  the  sludge. 

c.  Ifiacing  the  cartridge,  or  chai-ging. 

(I.  Placing  the  detonator  into  the  toj)  of  the  cartridge,  or 
■q)riming.” 

c.  Attaching  the  fuse  to  the  detonator  and  crim])ing  the  fuse. 

/.  Filling  the  hole  partly  or  entirely  above  the  charge  with  mud 
or  some  suitable  material,  known  as  “tamping.'' 

(/.  Firing  the  charge. 

A\’hen  dynamite  and  allied  explosives  are  used,  the  charge,  aftei- 
being  placed  in  the  hole,  is  set  olf  by  means  of  a detonator,  which  is 
usually  a copper  capsule,  inclosing  from  three  to  twelve  grains  of 
mercury  fulminate  together  with  one  to  four  grains  of  potassium 
chlorate.  The  fulminating  mixture  is  compressed  in  the  end  of  the 
copper  capsule  and  is  then  covered  with  some  material,  as  collodion, 
shellac,  or  paper  to  prevent  leaking.  These  detonators  are  exploded 
either  by  electricity  or  by  a fuse.  Upon  exploding,  they  generate  a 
very  high  temperature  and  also  cause  an  extremely  violent  shock. 
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wliicli  latter  is  chietiy  relied  upon  to  start  the  detonation  of  the  ex- 
plosives used. 

An  electric  detonator  is  one  in  vhicli  a piece  of  plaiinum  wire  is 
compressed  into  the  detonating  mixture,  the  ends  of  tlie  vire  being 
attached  to  copper  "wire  wound  around  witli  cotton  oi-  asbestos  in 
sulation  and  leading  out  through  a liard  i)]ug  of  snlpluir  and  ground 
glass,  wln'ch  lills  tin*  cniisnle.  On  fnriiing  on  llu*  current,  the 
platinum  resistance  wirt*  is  heated  above  redness  tind  thus  exjdodes 
the  fulminate. 

In  using  black  powder,  the  following  operations  are  necessary: 

a.  Drilling  and  cleaning  out  the  holes. 

h.  Filling  with  jiowder. 

c.  Inserting  fuse  in  powder. 

d.  Tamping, 

e.  Firing. 

When  used,  black  powder  is  charged  with  a long  stem,  that  it  will 
reach  the  bottom  of  the  hole  without  touching  its  sides  above  the 
charge  limit.  In  some  cases  the  powder  is  put  into  small  paper  Itags 
and  these  are  closely  pressed  into  the  bottom  of  the  hole.  When  in 
loose  form,  the  fuse  is  inserted  into  the  powder,  but  when  in  bags  it 
is  tied  to  the  last  bag  put  in  the  hole. 

Haulage  and  Hoisting. 

After  the  stone  is  blasted  down,  it  is  broken  into  sizes  suitable  for 
convenient  handling.  The  cars  or  skips  are  loaded  by  hand. 

The  skips  or  cars  used  for  conveying  the  limestone  from  the  quarry 
to  the  crushers  and  kilns  are  constructed  of  steel  or  wood  and  are 
square  or  oblong  in  shape.  They  are  hoisted  up  an  incline  by  means 
of  a cable  attached  to  one  end  of  the  skip  or  caiy  the  other  end  being 
wound  around  a hoisting  drum,  operated  by  electricity  or  steam. 
The  cars  may  be  emptied  by  removing  one  side  and  inclining  the  car 
automatically,  or  by  hand,  or  ilnough  ihe  Ijottom  which  i]i  such  case, 
consists  of  twm  plates  that  swing  on  hinges  attached  lo  the  sides  of 
tlie  car.  The  crusher  may  be  placed  directly  beneath  the  track  or 
it  may  be  to  one  side. 

In  one  [daiit  in  this  district,  the  quarried  limestone  is  hoisted  to 
the  surface  by  means  of  an  overhead  aei-ial  cable-way,  this  is  due  to 
the  fact  that  the  quarry  is  one  of  the  pit  type  and  very  deep. 

Handling — Crushing. 

Two  ty])es  of  crushers,  the  jaw  and  gyratoi-v.  are  used,  (he  former 
type  being  represented  by  the  Blake,  Farrel,  Cliampiou,  Krom  and 
Climax;  the  latter,  by  the  Gates  and  Symons.  These  crushers  aie 
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used  for  preporiug  limestone  (o  lie  used  as  ballast,  macadam,  con- 
crete, tiux,  etc.  Tlie  Williams  Patent  Pulyerizer  is  used  for  fine  crush- 
ing and  pulverizing  limestone  to  be  used  for  fertilizing  purposes. 
Tlie  Krom  aud  New  Century  rolls  and  the  Hymons  Disc  Pulvandzer 
are  also  used  fm-  tine  crushing. 


S(d-eening. 

Pelow  ai-e  trdiulated  Ihe  various  siz(*s  to  which  the  local  limestone 
is  cruslied  : 


Use. 

Ballast,  

Concrete,  

Building-,  

Macadam,  

Cement,  ] 

Lime,  b- 

Hydrate  j 

Flux,  

Fertilizer,  


Size. 

lY'— li"— 2"— 3". 

I"— 1"— 11"— U"— 2"— 6"— 3" . 

16"x8"x8"  or  larger. 

3" 3// Off 

■I  ri  ^ ^ • 

iMaterial  for  cement,  lime  and  liydrate- 
] 8"x8"x6"  or  larger. 

-ut ■yt 2'’' 

1/5"— 1/10"— 1 /•!(/'  or  larger  when  not 
prepared. 


Crushing  tends  to  break  the  material  into  various  sizes  and  in 
order  to  sort  the  crushed  stone,  it  must  be  screened.  The  screens 
used  for  this  ].ur]»ose  are  sheet-steel  c.ylinders,  jierforated  throughout 
with  holes  of  a single  mesh,  or  else  they  are  divided  into  sections  each 
section  having  larger  jierforations  than  the  one  }>receding.  Another 
t,v]>e  is  one  in  which  there  are  three  screening  surfaces,  one  insidi* 
of  the  other.  The  screen  having  the  largest  mesh  is  the  one  in  Ihe 
center,  the  one  with  a smalh'r  mesh,  next  to  it,  and  so  on.  These 
screens  are  slojied  at  a slight  angle,  thus  allowing  the  material  to  be 
discharged  by  gravit.v.  in  case  a sin.gie  screen  is  used  three  divisions 
arc*  usuallv  required.  The  material  is  fed  in  at  one*  emd  of  the  screen 
and  move's  toward  the  o]ijiosite  end.  The  first  scrc'en  allows  the  tiiiest 
material  to  ]tass  through,  the  oversize  from  it,  i»assing  to  the  second 
screen,  which  sejiaratcAs  the  middle  sized  material,  allowing  the  over- 
sized material  from  the  second  screen,  to  ]tass  onto  the  third  sciven, 
lliroiigh  which  it  is  sieved,  the  oversize  from  this  screen  being  dis- 
charged at  the  opjiosite  end,  thus  making  four  sizes  of  material.  The 
scrc'ens  revolve  slowly  and  may  o]ierate  on  roller  bearings  or  by  bc'lf 
di-ive  and  shafting,  the  latter  running  through  the  center  of  the  cy- 
lindrical screen,  and  in  case  there  are  two  or  three  screening  surfaces 
each  one  is  keyed  to  the  shaft  by  ribs,  riveted  on  each  section. 

The  screens  may  be  operated  by  st(*am  or  electricity,  and  in  case 
the  latter  is  used,  the  motor  used  to  ojierate  the  crusher  is  often  the* 
same  one  used  to  operate  the  screens,  as  well  as  the  conveyors  and 
elevators. 
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l)rainaj>v  of  The  (UiaiTies  is  ctannioiily  caii  iefl  oji  1»y  means  of  steam 
pnmj)S,  both  simple  and  componiid.  with  siuole  oe  double  eyliiideis. 
Tn  some  (juaiTies  drainage  is  eariic'd  on  by  means  of  a bucket  elevatoi', 
driven  by  electricity  or  steam.  Tlie  buckets  are  made  of  galvanized 
iron  and  ai-e  attached  to  a cliain  belt,  (tn  the  downward  movement  of 
the  elevat(u-,  the  buckets  are  inverted  so  that  <»n  the  upward  movement 
they  will  “.scoo]t  n]»  their  till"  of  water,  and  discharge  it  into  a trough 
on  the  following  downward  movement  of  the  conveyor. 


Cost  of  Quarrying. 

The  cost  per  ton  of  limestone  is  based  n])on  certain  standard  facts 
and  items  as; 

1.  Cost  of  stripping  the  overbni-den. 

2.  C'ost  of  (jnarrying. 

(t.  Wages  of  (piarrymen. 

h.  k]x])losives,  as  jxiwder,  dynamite,  fuse,  caji.s. 

V.  Itepairs  (»n  tracks,  cables,  machinery,  etc. 

(1.  Shar])ening  drills. 

2.  Cost  of  hanlage  or  transporting  limestone  to  the  mai-kefs. 

xVll  the.se  items  vary  to  greater  or  lesser  extent  with  each  (piari-y. 
The  total  cost  i)er  ton  of  stripping,  (piarrying  and  hauling  the  liine- 
.stone,  will  vary  from  20  to  8.5  cents.  Long  haulage  will  increase  this 
cost.  A heavy  overburden  often  necessitates  abandoning  a (piarry  of 
excellent  quality.  The  average  cost  for  transj>orting  limestone  from 
the  (piarry  to  the  kiln  should  not  be  more  than  10  cents  ]ier  ton,  but 
including  strip}»iiig,  etc.,  this  cost  often  approaches  80  cents. 


Methods  of  Packing,  Shipping,  etc. 

Tn  this  district,  most  of  the  plants  are  located  along  or  very  close 
to  the  Northern  Central  Railway  or  (he  Western  Maryland  Railroad, 
which  fact  facilities  haulage  and  thereby  lessens  the  cost  of  market- 
ing. The  quarries  that  are  not  so  situated  have  in  some  cases  railroad 
sidings  i-nnning  into  the  yard  of  the  jdant;  in  other  cases  the  material 
must  be  hauled  from  the  plant  of  the  (piarry  by  wagons  or  electric- 
railway  cars. 

TTnits  of  ^Measurement. 

Since  limestone  finds  so  many  varied  uses  in  the  arts,  there  is  no 
general  unit  of  measurement  in  use.  It  may  be  sold  by  the  cubic 
foot,  cubic  yard,  ton,  cord^  square  foot,  S(piare  yard,  etc.  In  this 


74 


TOl'OORArillC  AND  aEOLOGlC  SURVEY. 


district  it  is  usually  sold  by  the  ton,  either  long  or  short,  perch  and 
cubic  yard.  A cubic  yard  of  limestone  (solid)  weighs  between  3,<S0() 
a}Kl  4,600  pounds,  but  when  purchased  in  bulk,  the  ‘Voids”  cause  a 
decided  decrease  in  weight.  Tlie  weight  of  culnc  yard  then  varying 
between  2,3(10  and  3,000  pounds. 

The  following  Table  a,  shows  lhe  output  of  limestone  for  smelter, 
o])en-b(‘arth  and  blast  furnace  llu\,  in  lOOS,  lOOO  and  1010,  in  long 
ions  1 2,240  I jionnds  i: 


The  ([uantity  of  limestone  used  for  crushed  stone,  in  road  nnddng, 
concrete  and  railroad  ballast,  far  exceeds  that  used  for  any  other 
l)urpose.  The  average  price  (throughout  lhe  United  States)  ]ter 
short  ton  was,  in  190.S,  50  cents;  in  1900,  57  cents  and  in  1910,  55 
cents.  In  1908,  1909,  1910,  Ohio  ranked  first  in  jiroductioji  of  lime- 
stone for  the  above-named  purposes;  in  1908,  1909  and  1910,  Illinois 
ranked  second;  and  in  1908  and  1909  Pennsylvania  ranked  third; 
but  in  1910  fell  to  fourth  jilace. 

The  following  table  shows  a})proximately  the  (piantity  in  short 
tons  ami  value,  of  crushed  stone  (total  for  all  purposes),  during 
1908  h and  1910  c produced  in  Pennsylvania. 


Tear. 


■e 

o 

o 

x; 

w 

CQ 

t-i 

Q. 

O) 

t. 

JU 

4^  ^ 

a • 

•4-»  Ui 

a a 

. a 

cj  o 

a>  O 

C3 

-M 

Of 

> 

< 

1908  

2,453,077 

2,683,079 

2,472,629 

$1,373,723 

1,529,356 

0.68 

1^'  . 

0.57 

19i6’  _ 

1,359,946 

0.55 

a.  U.  S.  Geological  SurT. , Min.  Res.,  Part  2,  1909. 

U.  S.  Geological  Surv.,  Min.  Res.,  Part  2,  1910. 

b.  Loc.  Cit. 

c.  U.  S.  Geological  Surv.,  Min.  Res.,  Part  2,  1910,  pp.  666.677. 

^NOTE:— These  figures  are  only  approximate  and  are  the  results  obtained  by  dividing  the 
total  value  of  the  Pennsylvania  output  by  the  average  price  per  ton,  which  latter  is  the  average 
price  for  the  total  output  of  the  United  States. 


STATE  OF  PENxNSYLVANIA. 


75 


Statistics. 

The  output  01  limestone  for  all  purposes,  excejitiug'  tliat  of  lime 
manufacture,  and  to  a lesser  extent,  for  use  in  the  manufacture  of 
Portland  cement,  (a)  lias  steadily  increased  since  the  year  P.IOT. 

Owing  to  the  resumption  of  ojieratious  in  the  steel  industry  much 
of  the  increase  in  the  total  outjmt  was  caused  by  ihe  utilization  of 
the  limestone  for  tluxiug  purposes.  In  the  past  six  years,  Pennsyl- 
vania has  exceeded  any  other  State  in  the  annual  output  of  limestone 
and  below  are  tabulated  the  statistics  for  the  ycai-s  11)08.  11)0!)  (h) 
and  1910  (c): 


Uses. 

Value  1908. 

Value  1909. 

Value  1910. 

$80,222 

13,388 

128,454 

9,930 

1,413 

24,239 

7,716 

653,503 

300,702 

419,518 

2,324,173 

20,034 

74,719 

$104,930 

1,410 

124,521 

2,128 

1,250 

2,283 

709 

693,503 

444,091 

489,241 

3,165,872 

$103,295 

118 

67,069 

1,850 

1,108 

3,314 

1,714 

4(»,643 

495,0!32 

455,301 

3,755,060 

Paving,  

140,707 

121,137 

$4,058,011 

$5,073,225 

$5,394,611 

Lime. 

Lime  is  the  solid  jiroduct  remaining  after  completely  calcining 
limestone,  tlie  carbon  dioxide,  originally  combined  with  the  lime  to 
form  the  limestone,  being  driven  off  as  a gas  in  Inirning. 

Classification  of  Limes. 

There  are  numerous  methods  of  classifying  limes,  but  all  of  them 
are  based  ujton  the  same  general  iirinciple.  As  exam])le,  1 shall  quote 
the  schemes  of  classification  pro])osed  by  Gen.  Q.  A.  Gillmore.  (Pef. 
19). 

a.  Common  or  fat  limes;  those  containing  less  than  10  per  cent, 
of  impurities. 

h.  Poor  or  meagre  limes;  those  containing  free  silica  (sand),  etc., 
up  to  amounts  vai’ving  between  10  |ter  cent,  and  20  jier  cent. 

c. -Hydraulic  limes;  those  containing  impurities  in  amounis  vary- 
ing from  30  yier  cent,  to  35  per  cent. 

d.  Hydraulic  cement.s ; those  containing  as  high  as  60  per  cent, 
of  impurities. 

a.  Limestone  used  for  making-  Portland  cement;  U.  S.  Oeoi  Su.r\-.,  Min.  Res.  Part  2,  1900, 
pp.  4.?3-453. 

b.  Limestones  used  for  other  purposes:  LL  S.  Geol.  Surr. , Min.  Res.,  Part  2,  lOOO,  pp. 
593-602. 

c.  U.  S.  Geol,  Surv.,  Min.,  Part  2,  R^s.  1910,  pp.  666-6(ffr. 
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The  schejiie  proposed  by  liurdiaid  is  ( Kef.  liU,  p.  .j4.5) 

a.  iligli  calcium  limes,  coutaiiiiug  over  00  per  cent,  of  lime. 

b.  ilagiiesia])  limes,  containing  from  5 ])er  cent,  to  25  per  cent, 
of  maguesia;  (he  remainder  being  lime. 

t.  rligli  magnesian  limes,  to  dolomite  limes,  containing  froui  25 

per  cent,  to  45  pei-  cent,  magnesia  the  reniaindei-  being  essential  I v 
lime. 

I'hysical  and  Chemical  I’roperties  of  Time. 

Lime  or  quicklime,  as  it  is  olten  called,  is  when  pure  and  in  lump 
lorm,  a tine,  white,  porous  compound,  wilh  a specific  gravity,  varying 
in  the  pulverized  pi-oduct,  from  5.00  to  2.15  and  in  the  lump  product, 
somewhat  lower,  owing  to  tlie  jiorosity  of  the  mass.  Accordingly,  a 
cubic  foot  of  powdered  lime  weighs  a])pi-oximately  1U5  pounds,  while 
lliat  of  lump  lime  varies  between  170  and  182  pounds.  A 
iiushel  of  lump  lime  weighs  belween  70  and  75  (lounds,  the  accejited 
lega.l  V eight  in  Ihmnsylvania  being  72  pounds;  (these  weights  being 
taken  directly  after  the  lime  has  been  drawn  from  the  kiln.) 

The  fact  that  lime  is  highly  porous  will  cause  it  to  absoi-b  moisture 
and  carbon  dioxide  from  the  atmospbere  and  tlius  to  “air-slake”  a 
pj'ocess  which  causes  rapid  disintegration,  the  resuKing  mass  being 
a fine  while  powder,  composed  of  some  calcium  cai-bonate,  calcium 
hydrate  and  jtossibly  some  basic  carlxniate,  unfit  for  further  use,  in 
making  mortar,  etc.  Lime  should  be  kept  in  lumj)  form  after  having 
been  drawn  from  the  kiln  as  there  is  less  danger  of  air-slaking,  ex- 
cepting on  the  external  surlace  ol  the  lumps.  The  juirer  the  lime, 
the  more  lajiid  will  lie  the  ai]-slaking  and  final  disintegiation,  al- 
though these  ])roi,e]-ties  largely  depend  upon  the  porosity  of  the  stone. 

A\ . E.  Emley  has  found  that  in  crushing  and  tensile-strength 
tuagnesian  limes  are  stronger  than  high  calcium  limes,  lie  also  ob- 
served that  in  burning  a liniestoiie,  a considerable  ])ortion  of  the  lime 
combines  with  the  impurities  to  foi-in  calcium  silicate,  calcium  alum- 
inate  and  calcium  ferrate,  these  coni])ounds  being  valuele.ss  in  many 
cases  and  causing  (hereby  a loss  in  the  lime-acting  (pialities. 

Lckel  (Kef.  21.  jq.,  !)t)5-0),  compares  the  i-esnlts  obtained  ujnm  the 
slakiiig  of  high  calcium  and  magnesian  limes  as: 

High  Calcium  Limes. 

a.  Slake  i-ajudly.  c.  Karel_\'  cari-y  less  than  90  ]»er 

b.  h.xpaun  greatly.  cent,  of  lime,  conim()nL’  9.5  per 

c.  Evolve  heat  on  exi)ansion  and  cent,  and  higher. 

fh<>  formation  of  calcium  hydrate  f.  Kajnd  and  incomplete  absorp- 
or  slaked  lime.  tion  of  moisture  and  cai-bon  diox- 

<J.  A ield  a large  bulk  of  slaked  id('  cause's  weakness, 
lime. 
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.Magnesian  Limes. 

(t.  Slake  very  slowly.  (/.  Yield  less  bulk  of  slaked  lime. 

h.  Lxjtaiid  less  than  liigb  <-al-  e.  Carry  from  10  to  30  per  cent, 
eium  limes.  oi'  magjiesia. 

c.  Evolve  very  little  beat  and  /.  Slow  absorjttion  of  moisture 
lorm  a e<>m])ouud  of  calcium  by-  and  eai-bou  dioxide  i-esulls  in  a 
drate  ami  magnesia.  ^ stronger  base  for  mortar. 

Effect  of  Impurities  on  Lime. 

Some  limes  are  very  pure;  others  contain  many  impurities,  such  as 
silica,  alumina,  ferric  oxide,  clay,  etc.  These  im])urifies  are  detri- 
mental when  pure  limes  are  required,  but  when  present  in  very  low 
jierceiitage,  are  neglected.  Clay,  ashes,  etc.,  cause  the  lime  to  present 
a dirty  gray  color  when  drawn  from  the  kiln,  and  this  is  a serious 
drawback  when  used  for  high-grade  plasters  and  mortars.  Any  iron 
comj)oiiud  present  causes  a distinct  yellow-gray  to  brown  cadoration. 
Again,  a relatively  small  amount  of  inquirities  (magnesia  excluded) 
will  cause  very  slow  slaking,  a very  im])ortant  oj»eratiou  in  [)re]>ariug 
and  utilizing  mortars.  Magnesia  is  invnriably'  present  in  all  hues 
but  is  not  classed  as  an  impurity,  as  it  possesses  i)rope)'ties  similar 
to  those  of  lime. 

hen  mixed  A\ith  water  lime  slakes  to  form  a new  coupiound 
called  "slaked  lime,”  or  calcium  hydrate.  In  so  doing  much  heat  is 
evolved  and  the  temperature  often  rses  to  15(1°  C (3(12°  E),  sufficient 
to  char  wood.  From  this  it  is  apparent  lime  should  never  be  stoi-ed 
lor  any  length  of  time  in  wooden  Irins  or  cars,  or  where  water  can 
reach  it.  If  sufficient  water  is  added,  part  of  the  lime  will  foiaii 
insoluble  calcium  hydrate,  while  a certain  jmrtion  will  dissolve  to 
fonu  the  “lime  Avater”  of  commerce.  Both  slaked  lime  and  lime  wntei- 
rapidly'  absorb  carbon  dioxide  from  the  atmosphere  and  therebA’  again 
form  calcium  carbonate  oi-  artificial  limestone. 


Uses  of  the  Loc-al  I’roduct. 

The  local  j)roductiou  (»f  lime  ( Bef.  20,  ]».  54ti  i is  used  in  the  manu- 
facture of  fertilizer,  cement,  hydrate,  plaster,  mortars,  Avhite.Avash  and 
as  flux  in  the  manutactnre  of  glass;  and  in  ])a]»er-making. 

^\hen  limes  are  used  as  fertilizer,  the  amount  necessai-y  A'aries  with 
the  composition  of  the  soil,  and  as  the  lime  is  basic  in  action,  it  acts 
as  an  excellent  neutralizer  in  highly  acidic  soils  (Bef.  22). 

In  the  manufacture  of  Portland  Oment,  near  York,  lime  from  one 
quarry  is  extensively  used  and  being  of  exceptional  and  u.nifoi'm 
purity,  is  a valuable  product.  As  is  Avell  knoAA'ii,  Portland  Oment 
IS  a mixture  of  pure,  nou-magesian,  limestone  or  lime,  Avilh  a certain 
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deRuite  amount  or  argillaceous  material,  the  two  being  burned  to- 
gether at  a high  temperature.  The  resulting  fused  clinker,  consist- 
ing of  calcium  silicate,  calcium  aluminate  and  calcium  ferrite  or 
ferrate,  is  ground  to  a very  line  powder,  which  is  capable  of  slaking 
and  setting  under  water. 

Lime  used  for  making  hydrate  must  be  comparatively  pine,  easily 
capable  of  slaking  and  the  finished  })roduct  must  be  thoi’oughly 
slaked.  For  making  plasters,  lime  should  be  tested  for  time  of  setting, 
pasticity,  hardness,  color  and  constancy  of  volume  (Eef.  23,  pp.  192-4) 
In  making  mortar,  lime  is  mixed  with  sand,  in  certain  definite  propor- 
tions, which  result  in  a compound  having  certain  setting  as  well  as 
cementing  })roperties.  W.  E.  Einley  (Kef.  20,  pit.  G1 7-620)  says 
“building  lime  should  be  tested  for  crushing-strength,  tensile-strength 
and  sand  carrying  capacity.”  As  a ivhitewash  for  fences^  houses, 
!)arns,  stables,  etc.,  lime  is  mixed  with  a sufficient  quantity^  of  water 
to  allow  it  to  be  applied  with  a brush  and  at  the  same  time  adhere 
properly. 

For  (jlass  making,  lime  must  be  of  exceptional  purity,  so  as  to 
r(n-m,  together  with  some  other  base,  as  soda,  or  potash,  an  easily 
fusible  double  silicate.  In  the  manufacture  of  paper,  a high-grade 
magnesian  lime  is  required.  It  must  be  free  from  iron  oxides  or 
silica  and  should  i-un  very  high  in  magnesia.  Magnesia  obtained 
from  magnesium  cai'bonate  is  commonly  employed  for  this  purpose. 


liurning  of  Lime. 

Lime-burniug  has  been  carried  on  for  many  centuries  and  its 
ehemical  nature  and  general  reactions  are  very  simple.  Calcinalion, 
or  the  dissociation  of  the  limestone  into  its  components,  takes  ])lace 
at  approximately  750  C.,  but  com])lete  dissociation  does  not  take  place 
until  a tein])erature  of  approximately  900  C.  or  higher  (1,316  0)  is 
obtained.  (lenei-ally  speaking,  the  chemical  reactions  taking  place  in 
bin  ning  a limestone  are  for  a ])nre  or  high  calcium  limestone  and 
for  a high  magnesian  limestone,  as  follows: 

a.  CaCOg  plus  heat  (low)  equals  CaO  (Time)  and  CO,  (Carbon  Di- 
oxide). 

1).  CaCOg  i)lus  heat  (high)  equals  CaO,  CO,,  various  silicates, 
alurainates  and  ferrites  or  ferrates. 

c.  xCaCOg.  vMgCOg  plus  heat  (low)  equals  xCa&O,  yMgO  and 
xyCO,. 

d.  xCaCO,  .yiMgCOg  pins  heat  (high)  equals  xCaO  .yMgO  ,xy002 
and  various  silicates,  alumiuates,  ferrites  or  ferrates. 

In  equation  (a),  the  limestone  is  broken  up  by  the  heat  into  lime 
and  carbon  dioxide,  the  limestone,  in  this  case,  possessing  a definite 
composition.  In  equation  (6),  the  limestone,  by  more  intense  heat 
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is  broken  up  as  in  equation  ((/),  but  certain  compounds  are  formed 
by  the  action  of  a higher  temperature.  In  equation  (c),  the  mag- 
nesiau  limestone,  upon  heating  to  a comparatively  low  temperature 
breaks  up  into  magnesia  and  lime,  the  entire  carbon  dioxide  being 
driven  off  as  a gas.  Finally,  equation  (d),  is  similar  to  equation  (6), 
but  the  presence  of  magnesia  tends  to  form  new  compounds  with  any 
silica,  alumina  or  iron  present,  such  compounds  being  silicates,  alum- 
inates,  ferrites  or  ferrates  of  magnesia,  in  addition  to  similar  com- 
pounds of  calcium.  The  resulting  material  from  a process  involving 
equation  (a)  or  (c),  is  compact,  homogenous  and  has  the  same  shape 
as  it  had  prior  to  calcining,  whereas,  the  resulting  product  formed 
by  equation  (&)  and  (d)  are  in  semifused  condition  when  drawn 
from  the  kilns. 

Experience  in  lime-burning  bas  shown  that  the  carbon  dioxide 
j»rimarily  expelled  in  the  cooler  portions  of  a kiln  interferes  with 
the  expulsion  of  that  coming  off  from  the  hotter  pans  of  the  kiln, 
and  that  the  “quarry  water”  present  in  the  limestone,  being  evap- 
orated into  steam,  will  combine  with  the  dioxide  in  the  top  of  the 
kiln,  thereby  diminishing  the  pressure  and  facilitating  the  escape  of 
the  remaining  dioxide.  Where  no  “qnarry  water”  is  present,  steam 
or  vapor  is  injected  into  the  kiln  and  produces  the  same  effect. 

Eext -to  be  considered  is  the  action  taking  place  on  the  impurifies 
in  the  bnrning  of  limestone  into  lime.  The  com])onnds  usually  pres- 
ent aie  calcium  and  magnesium  carbonate,  ii-on  oxides,  pyrite  or  iron 
disulphide,  .some  iron  carbonate,  silica,  clay,  various  silicates,  organic 
matiei-  and  “(piarry  water.”  Upon  properly  burning,  the  organic 
matter  is  decomposed  and  expelled;  the  quarry  water,  driven  off; 
silica,  silicates  and  clay,  remain  unchanged;  pyrite  is  converted  into 
ferric  oxide  and  sulphur  dioxide,  which  later  passes  off  as  a gas ; 
calcium,  magnesium  and  iron  carbonates  are  calcined,  the  carbon 
dioxide  being  expelled,  lime,  magnesia  and  ferric  oxides  remain.  If 
too  high  a temperature  is  attained,  which  is  often  the  case  in  thor- 
ough lime-burning,  any  clay,  silica  or  silicates  will  fuse  to  a clinker, 
which  is  undesirable. 

W.  E.  Einley  says  that  the  more  porous  the  limestone,  the  more 
easily  it  will  calcine.  Other  impurities  found  in  local  limestones, 
such  as  sphalerite,  barite,  gypsum,  and  fluorite,  occurring  in  very 
minor  quanlities,  are  more  or  less  inert;  the  gA’psum  loses  its  water 
of  crystallization  and  becomes  “dead  burned”  while  the  sphalei-ite 
is  converted  into  zinc  oxide,  zinc  sulphate  and  sulphur  dioxide. 

Impure  limestones  are  difficult  to  calcine  uniformly.  A limestone, 
containing  much  silica  as  sand,  will  often  vitrify,  at  a temperature 
not  much  above  dull  red  heat.  This  vitrification  will  hold  back  the 
calcination  of  the  limestone  in  the  centre  of  the  mass,  the  vitrifl'cation 


so 
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taking  place  on  the  surface  of  the  lumps.  Impure  cUpyey  (argillace- 
ous i limestone,  when  burned,  usually  forms  silicates  (clinkeis). 

From  exper'euce,  it  has  been  found  that  a pure  lime  should  be 
)-ai»idly  ealined  as  it  will  slake  much  better.  Compact  limestones 
cannot  be  so  readily  calcined  as  jioj-ous  ones,  but  yield  a far  superior 
lime.  In  burning,  lime  expands  from  20  ]»er  cent,  to  t>(i  })er  cent, 
in  volume  and  yet  reiains  the  sha})e  of  the  limestone  before  calcining. 
Incompletely  calcined  lime  forms  a basic  carbonate  and  is  termed 
“dead"  and  is  i,nca])able  of  slaking  with  water. 

W.  F.  Finley  (lief.  2.‘k  ])]>.  OS-GO)  assistant  (heinist  in  the  Jluveau 
of  Htandards,  at  Pittsburgli,  Pa.,  together  with  2i.  'U.  P»le  ninger^  has 
found  That  (he  grea  esl  temperature  allowable  in  burning  a i)Ure 
calcium  linn-stone  is  almve  1.310  C. ; for  an  impure  high  calcium 
limestone,  l,(hl7  pi  1.20."5  C. ; iinpuie  magnesian  limestones,  1.000 
C.  to  1,03S  and,  of  |»nre  inagnesia.n  linncstones,  000  C.  to  1,03S  0. 

Types  of  Kilns. 

Before  proceeding  io  describe  the  types  of  the  kilns  used  in  Uiis 
district,  it  will  be  well  (o  tabulate  (Kef.  21,  jip.  101-3;  475-5)  the 
tyjies  of  kilns  and  the  fuels  in  geiiei-al  use: 

A.  Intermittent  kilns — Those  requiring  calcination  and  removal 
of  one  charge  before  th.e  introduction  of  another. 

Type;  (Set  kiln. 

Fuel : Coal,  coke  and  wood. 

B.  Peiqietual  or  continuous  kilns — Those  in  which  the  first  cal- 
ciiKMl  portions  can  be  removed  and  fresh  charges  introduced  while 
the  calcination  is  in  })iogress. 

1.  Urdinarv  draw-kiln — In  which  the  limestone  and  fuel  are  in 
contact  and  are  introduced  in  alteimate  layers  into  the  kiln. 

Ttqm:  Hchbfer  (Aalborg)  kilji. 

Fuel : Coal  and  coke. 

2.  Patents  dame  kiln — In  which  the  limestone  and  fuel  are  sep- 
arate, the  former  being  charged  intf)  the  kiln;  the  latter  be- 
ing burned  in  separate  conqtartments,  outside  of  the  kibn 

Ty]ie:  Keystone  (Kef.  21.  jip.  1(4-5)  lime  kiln. 

Fuel:  Coal,  coke,  gas. 

Intermil  P‘iit  kilns  ai-e  used  foi-  buiiiing  lime  liotli  in  localities 
without  ]-ailroad  ti-ans]»oi-tation,  where  the  demand  is  irregular  and 
small  aiid  lln*  ontjiut  used  mainly  for  agricultural  purjioses,  and  in 
districts  where  outiiut  and  transportation  aie  facilitated  by  railroads 
aiid  the  lime  is  produced  on  an  extensive,  and  commercial  scale. 

In  York  County  numerous  such  local  kilns  are  in  use,  but  irregu- 
larly. One  near  Myer’s  mill  and  another  near  Rudy’s  mill  along  the 
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Codorous  Creek  (about  miles  N.  W.  ol'  Yoik),  are  operated  for 
about  three  mouths  duriug  the  year  and  the  product  used  for  fer- 
tilizing, whitewashing,  etc.,  in  the  immediate  vicinity. 

These  old-time  kilns  were  constructed  of  stone  and  so  located 
on  the  side  of  the  hill  that  the  top  of  the  kiln  could  easilj"  be  charged. 
In  charging  (some  large  pieces  of  limestone  were  formed  into  an 
arch,  in  order  to  support  the  mass  of  overlying  smaller  material, 
which  was  charged  upon  it.  A wood  fii-e  was  started  under  this 
arch,  the  heat  being  gradually  raised,  in  order  to  prevent  any  sudden 
expansion  and  linal  break-down  of  the  arch.  When  a bright  heat 
was  obtained  it  maintained  for  a few  days  and  then  the  charge  was 
ready  for  removal.  A large  shrinkage  of  volume  in  the  kiln  showed 
that  the  burning  was  complete.  The  tilling-in  or  choking-up  of 
sj»aces  between  the  larger  fi-agments  and  the  fact  that  an  iron  rod 
would  easily  peretrate  the  mass,  likeswise  proved  burning  to  be 
complete.  The  fire  was  allowed  to  die  out  and  the  lime  after  cooling 
was  drawn  from  the  kiln. 

An  improvement  was  made  b}^  lining  the  kiln  with  fire-clay  or 
brick.  The  improved  kiln,  known  as  the  “set”  kiln  was  elliptical, 
tapering  slightly.  A kiln  10  feet  to  11  feet  in  its  greatest  diameter, 
was  25  feet  to  28  feet  in  height ; five  feet  to  six  feet  in  diameter  at 
top  and  seven  feet  to  eight  feet  at  the  bottom.  An  iron  grating  was 
used,  upon  which  fuel  was  buiaied,  this  grating  being  from  one  foot 
to  two  feet  above  the  bottom  of  the  kiln.  The  heat  loss  was  very  great, 
OAving  to  the  heating  of  the  kiln,  brick  walls  and  the  stone,  each  time 
a cliarge  Avas  introduced.  The  stone  nearest  the  arch  was  very  likely 
to  become  “dead-burned,’’  whereas,  that  at  the  top  Avould  be  but 
partially  burned.  These  kilns  are  being  largely  replaced  by  shaft 
kilns  of  Amrious  types,  encased  in  a steel  shell.  Some  feAv  of  the 
old  type  remain,  where  local  demand  alone  is  required.  They  may 
be  operated  for  a feAV  weeks  or  months,  and  remain  idle  for  the  rest 
of  the  year. 

Plates  XIV  and  XV  show  the  “set”  kiln  and  a modernized  type 
of  “draAv”  kiln: 


Dimensions  of  Kins.  Set  Kiln. 

Diameter  of  kiln  at  lop,  

Diameter  of  kiln  at  cenler, 

Diameter  of  kiln  from  top  of  door  to  opposite  wall, 

VTdth  of  kiln-casing  from  side  to  side 

Depth  of  kiln-casing  from  front  to  back,  at  top,  . . . 

At  bottom,  

Height  of  kiln  from  base  to  top,  

Height  of  kiln  from  top  of  brick  base  to  kiln  to|i,  . 

6 


Interior 

dimensions. 

(V 

S' 


40' 

30' 

26' 

25' 
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Height  of  door  (outside)  from  base  of  kiln  to  top  of  door,  ....  10' 
ITeight  of  door  (inside)  from  base  of  kiln  to  top  of  door,  ....  7' 

Height  of  door,  5' 

Width  of  coping,  2' 


Modernized  llraw  Kiln.  (Einigsville). 

Width  of  casing  at  top  from  side  tf)  side, 48' 

Width  of  casing  at  bottom  from  side  to  side,  51' 

Thickness  of  kiln-coping,  1'6" 

Height  of  kiln  from  base  to  lop,  25' 

Height  of  kiln  from  hearth  to  top,  23' 

Diameter  of  inside  of  kiln,  at  top,  7' 

Diameter  of  inside  of  kiln,  18'  from  top,  6' 

Diameter  of  inside  of  kiln,  20'G"  from  top,  4' 

Diameter  of  inside  of  kiln,  23'  from  top,  1'8" 

Width  of  door,  at  bottom,  outside, 7'9" 

Width  of  door,  at  bottom,  inside,  4' 

Height  of  door,  outside,  7'9" 

Height  of  door,  inside,  6'G" 

Height  of  eye-hole,  I'll" 

AYidth  of  eye-hole,  I'G" 

Thickness  at  to]i  of  front  retaining  wall,  I'G" 

Thickness  of  bottom  of  front  retaining  wall,  3' 

Height  of  front  retaining  wall,  25' 

Thickness  of  top  of  east  and  west  retaining  wall, I'G" 

Thickness  of  bottom  of  east  and  west  fetaining  walls, 2'5" 

Height  of  east  and  west  retaining  walls,  15' 


In  starting  a “draw”  kiln,  fuel  is  first  placed  at  the  bottom  and  it  is 
tlien  tilled  two-thirds  full  of  stone,  Avhen  a layer  of  shavings  and 
wood,  three  inches  thick,  is  introduced  and  ignited.  Coal  is  added 
and  then  a layer  (thin)  of  stone.  When  burning  well,  another  layer 
of  coal  is  put  above  the  layer  of  limestone  and  then  alternate  layers 
of  coal  and  stone  are  continued  until  the  kiln  is  full.  Flames  ap- 
j»earing  near  the  top  of  the  kiln  show  that  the  draught  has  com- 
menced and  that  the  alternating  lays  of  stone  and  coal  are  to  be 
continued.  The  first  lime  is  drawn  in  about  a week. 

The  vertical  distribution  of  heat  in  the  old  type  of  kiln,  is  very 
uneven  and  therefore  the  kilns  are  usually  not  very  high.  Their 
capacity  in  this  district  varies  from  500  to  1,800  bushels,  in  each 
case  depending  upon  the  size  of  the  kiln.  Frasch  (Eef.  24),  says  that 
such  kilns  require  from  two  to  three  volumes  of  hard  wood  per 
volume  of  lime. 

Numerous  types  of  continuous  kilns  are  in  operation  at  the  pres- 
ent time,  such  as  the  Hoffman,  Rchofer  (Aalborg),  and  the  Keystone. 


~p‘P  V>f'V 


Plate  XV. 
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The  former  is  extensively  used  in  Germauy,  but  not  in  the  United 
States.  The  Schofer  kiln  is  used  in  llie  manufacturing  of  Portland 
cement,  while  the  Keystone  is  used  in  this  district,  being  nianntac- 
tured  by  a local  concern.  There  are  many  other  types  of  kilns,  but 
they  ditfer  in  construction,  utilization  of  waste,  heat,  dimensions, 
methods  of  mixing  the  charge,  etc.,  etc. 

Vertical  continuous  draw  kilns  present  many  advantages  and  dis- 
advantages over  the  separate  feed  or  patent  llame  kiln.  For  con- 
venience, these  comparative  advantages  and  disadvantages  are  tab- 
ulated: 

Advantages. 

A.  Draw  kiln  with  mixed  feed. 

1.  Economy  in  fuel. 

2.  Cheaper  to  build. 

d.  Yield  a larger  output  than  the  same  size  “llame  kiln." 

1>.  Flame  kiln  with  separate  feed. 

1.  More  convenient  to  operate. 

2.  Stone  is  more  evenly  burned. 

.3.  Lime  is  free  from  impurities  introduced  in  the  fuel. 

Disadvantages. 

1.  Lime  is  discolored  by  contact  with  fuel. 

2.  Ashes  from  fuel  may  clinker  the  external  portion  of  the  material 
and  thus  prevent  even  and  complete  calcination. 

3.  Lime  contaminated  with  ashes  and  separated  with  difficulty, 
resulting  in  a product  of  lower  quality. 

4.  Greater  fuel  consumption. 

The  Keystone  Patent  Flame  Kiln  is  a type  of  continuous  kiln  in 
which  the  stone  and  fuel  are  separated,  this  separation  yielding  a 
final  product  free  from  ashes  and  white  in  color,  thereby  resulting 
in  the  extensive  use  of  this  type  of  kiln.  In  general,  the  kiln  con- 
sists of  a steel  shell,  lined  with  fire-brick.  There  may  be  one  or  two 
furnaces  attached  to  the  kiln,  heat  from  these  being  directed  against 
the  limestone,  through  openings  between  the  furnaces  and  kiln-shell 
and  lining.  The  cooling  compartment  is  lined  with  fire-brick  and  is 
an  inverted  frustrum  of  a cone,  suspended  from  a heavy  cast-iron 
plate,  which  in  turn,  is  riveted  to  the  base  of  the  kiln.  It  may  be  six 
feet  to  six  and  one-half  feet  in  diameter  at  the  top,  according  to  the 
size  of  the  kiln,  but  is  usually  about  seven  feet  in  height.  The  loaded 
cars  are  hoisted  from  the  quarry  and  the  limestone  charged  into  the 
kilns  through  a charging-door  at  the  top  of  each  kiln.  The  burned 
lime  is  withdrawn  by  means  of  draw-gates,  operated  by  hand-v  heels, 
prejectiug  outside  the  kiln.  Cars  can  be  run  on  a track  beneath 
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these  gates.  Any  heated  air  wliicli  accumulates  around  the  cooling 
chamber,  is  discharged  directly  into  the  ash-pit,  under  the  gates, 
thereby  furnishing  heated  draught,  which  results  in  a greater  ef- 
ficiency of  the  furnace. 

Cost  of  Lime  Manufacture. 

The  cost  of  maiiufacturiug  lime  is  vaiialde,  owing  to  local  condi- 
tions and  lack  of  modern  large  plants.  The  principal  items  entering 
into  the  cost  of  lime  manufaclure  are: 

1.  Interest  on  cost  of  plant  and  quarry. 

-.  Cost  of  quarrying  the  limestone. 

(0)  Proximity  to  kilns. 

(h)  Proportion  of  unburned  stone,  unlit  for  nse. 

•‘1.  Cost  of  fuel  for  burning. 

((M  Character  of  burned  stone,  with  respect  to  hardness, 
inqmrities,  property  of  slaking. 

1.  Labor  costs,  exclusive  of  quarrying. 

Pni-(her  items  are: 

a.  Cost  of  fuel  for  engines. 

(I.  Incidental  and  contingent  expenses. 

7.  Insurance  on  buildings  and  machinery. 

S.  Accident  and  delay. 

1).  Wear  and  tear. 

1(1.  Cost  of  transportation. 

11.  Cost  of  power. 

12.  Cost  of  selling. 

The  chief  items  necessary  in  estimating  the  cost  of  a lime  plant 
and  bxTiming  lime  are: 

1.  Cost  of  equipment. 

2.  Cost  of  labor. 

2.  Cost  of  fuel. 

Pckel  (Kef.  21,  ]>.  110)  tabulates  in  general,  the  total  cost  of  lime 


manufacturing,  per  short  ton,  as  comprising: 

1.  Interest  on  cost  of  jOant  and  cpmrry, 5 to  20c 

2.  Taxes,  minor  su]q)lies.  etc.,  10  to  25c 

3.  Cost  of  (luarrying  two  tons  of  limestone  at  25  to 

45c  per  ton,  50  to  90c 

4.  Cost  of  fuel  (300  to  500  lbs.)  for  burning 30  to  75c 

5.  Cost  of  labor,  exclusive  of  quarrying 25  to  SOc 


Total  cost  per  short  ton  burned,  in  bulk .fl.20  to  |2.!)0 


From  the  above  table  it  will  be  .seen  that  a bushel  of  lime,  weigh- 
ing 70  pounds,  will  vary  in  cost  from  4.2  cents  to  10.15  cenis.  It  has 
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bt'wi  found  tliut  olio  ijoinid  of  coal  is  sufficieiif  to  make  three  jiound.^ 
of  lime. 

Methods  of  I'acking,  Shipping,  Etc. 

The  fact  that  lime  cannot  be  safely  stored  in  Avooden  receptacles, 
OAving  to  its  rapid  slaking  AAotli  AA'ater  and  the  heat  di'A'elojied  there- 
from, necessitates  rapid  transportation,  AAhere  AAooden  receptacles, 
such  as  box  cars,  AA'agons,  barrels,  etc.,  are  employed.  Great  care 
must  be  taken  to  alloAV  no  AAmter  to  come  in  contact  AA'ith  the  lime. 

Lime  is  usually  shipped  to  the  markets  in  bulk  in  closed  freight 
cars  or  in  barrels.  Frequently  paper  sacks  or  bags  are  used. 


Statistics. 


In  the  annual  production  of  lime  for  all  purposes,  PennsylA'ania, 
has  ranked  first  for  many  years.  BeloAA'  are  the  statistics  for  !!I0!J 
(a)  and  1!)1()  (h). 


1908, 

1909, 

1910, 


.582,352 

$1,883,490 

1 

$3.23  j 

88.5,299 

2,. 532, 4.54 

2.86  1 

877,714 

2,440,350 

2.78  j 

PART  III. 

Hydrates 

Hydrate  or  hydrated  lime  is  the  jiroduct  obtained  upon  adding 
sufficient  AAater  to  slake  the  burned  lime,  ft  is  lime  that  has  its 
affinity  for  AA’ater,  satisfied.  The  chemical  formula  is  Ca(OH),.  or 
CaO.HoO.,  and  is  similar  in  its  chemical  formula  to  “lime  AA’ater.” 

When  burned  lime,  either  high  calcium  or  magnesian,  is  slaked 
ui>on  the  addition  of  Avater,  considerable  heat  is  eyohed  and  mncli 
expansion  takes  place,  both  by  btrmation  of  the  neAA'  cominmnd  ami 
tfie  pressure  or  expansiA'e  force  resulting  from  its  formation.  This 
heat  causes  eA'aporation  of  a quantity  of  Avater  Avhich  must  be  con- 
sidered AA’hen  the  AA’ater  is  added.  T'he  heat  also  tends  to  change  tin* 
lime  from  an  amorphous  to  a crystalline  state. 


(a)  U.  S.  Geol.  Sui-v.,  Min.  Ees.,  Part  2,  1909,  pp.  544-5. 

(b)  U.  S.  Geol.  Surv.,  Min.  Res.,  Part  2,  1910,  p.  611. 
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Magnesian  limes  do  not  slake  as  rapidly  as  high  calcium  limes  and 
should  contain  not  less  than  30  per  cent,  of  magnesia,  nor  more  than 
five  per  cent,  of  impurities.  There  should  be  less  than  six  per  cent, 
of  silica,  alumina,  ferric  oxide  and  carbon  dioxide,  in  a high  cal- 
cium hydrate,  therefore,  a very  pure  limestone  is  required. 

Hydrate  is  a fine,  white,  dry,  Huffy  powder.  It  does  not  absorb 
moisture  from  the  atmosphere  (except  upon  lengthy  exposure)  there- 
by causing  blistering  and  peeling,  as  in  the  case  of  lime.  It  does,  how- 
ever, absorb  carbon  dioxide,  but  more  slowly  than  lime.  The  specific 
gravity  is  2.078.  Theoretically,  hydrate  is  a compound  in  which  5G 
parts  of  lime  are  combined  with  18  parts  of  water,  but  all  commer- 
cial limes  contain  silica,  alumina,  ferric  oxide,  magnesia,  etc.,  and 
therefore  the  h3xlrate  made  from  these  limes  will  contain  these 
impurities  (magnesia  excluded  as  an  impurity)  to  a greater  or 
lesser  degree.  This  would  make  the  theoretical  requirement  of  water 
vary,  and  it  is  necessarj^  iu  all  cases  to  anaHze  the  lime  before  hy- 
drating, to  determine  the  lime  contents,  from  which  the  necessary 
equivalent  of  water  can  be  calculated. 

By  experiment,  it  has  been  foiuid  that  if  the  total  bulk  of  water 
necessary  for  slaking  a batch  of  lime  is  added  at  once,  the  lime  will 
expand  to  M times  its  original  volume,  while  air-slaked  lime  in- 
creases iu  volume  1.7  times  its  original  bulk.  Likewise,  one  short  ton 
of  lime  will  yield  2,5U0  lbs.  of  Iqvdrate. 

xVll  h\’drate  absorb  carbon  dioxide,  but  the  carbon  dioxide  content, 
observed  in  an  analysis,  is  due  to  the  absorption  of  this  gas  b^'  the 
burned  lime  prior  to  being  hvdrated.  The  following  are  two  char- 
acteristic analyses  of  hydrate: 


(a)  (b) 


Ca(OH),  

CaO  

90.11 

83.13 

1.87 

CaCOj  

2.25 

10.32 

Mat  OH),  

1.39 

IMo-O  

1.27 

SiO,  

1.05 

0.4G 

Fe203Al203  

1.01 

0.44 

Hygroscopic  moisture, 

3.10 

2.5G 

Total 

99.91 

100.05 

Impurities  such  as  silica,  alumina  and  iron  oxides,  in  the  hydrate, 
cause  an  uneven  and  rough  surface,  when  used  for  plastering.  Too 
much  alumina  and  iron  (jxide  ai-e  coloring  materials  and  should  be 
avoided.  As  before  stated,  in  high  calciiun  limes,  the  impurities 
should  not  exceed  six  per  cent,  rvliile  in  magnesian  limes,  le.ss  than 
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80  per  ceut.  of  magnesia  is  undesirable  with  less  than  tire  per  cent, 
of  impurities. 

Hydrate  is  superior  to  both  calcium  and  magnesian  limes,  iu  that 
it  does  not: 

а.  Deteriorate  rapidly. 

б.  Require  handling  prior  to  using,  such  as  slaking,  screening  or 
ageing. 

c.  Cau  be  safely  stored  in  paper  or  cloth  sacks,  wooden  bo.xes,  bar- 
rels or  cars. 

d.  Can  be  safely  transported  by  water. 

e.  Is  easily  handled. 

/.  Is  clean there  being  no  A\'aste. 

g.  Is  even  to  work,  a benefit  to  the  plasterer  or  builder. 

The  uses  of  hydrate  are  similar  t(j  those  of  lime.  It  is  used  as 
fertilizer,  for  making  bleaching  powder,  in  the  manufacture  of  glass, 
powder,  soaj),  paper,  sugar,  [dasters,  etc.,  as  a water  softener,  for 
making  sand-lime  bricks  and  Portland  cement,  in  chemical  ^A'orks, 
etc.,  etc.  It  can  be  readily  mixed  with  cement,  sand  and  gravel  and 
acts  as  an  excellent  binder. 

Manufacture. 

In  general,  the  materials  used  for  manufacturing  hydrate  are 
freshly  burned  lime  and  water.  The  lime  is  first  crushed  and  is  then 
sprinkled  with  sutficieut  water  to  slake  it.  Great  care  must  be  taken 
to  have  sufficient  water  present  to  overcome  the  amount  evaporated 
by  the  heat  evolved,  but  at  the  same  time  to  liave  a quantity  suf- 
ficiently low  to  prevent  any  of  the  hydrate  becoming  pasty  or  damp. 
The  resulting  hydrate  must  be  a fine,  dry,  white  powder. 

Few  methods  of  hydratiug  are  in  use.  The  most  important,  how- 
ever, are  the  Kritzer  and  the  Clyde.  In  one  method,  the  lime  coming 
from  the  kilns  is  cooled  and  run  through  a crusher,  after  which  it  is 
elevated  to  the  hydra  tor,  Avhich  in  this  case,  is  continuous  in  a(  tion. 
After  the  material  has  been  hydrated,  it  is  elevated  to  a storage-bin, 
from  which  it  is  passed  through  a screening  mill.  From  the  latter, 
it  is  again  elevated  to  a storage-bin,  from  which  it  is  fed  into  an  auto- 
matic bag-tilling  machine  and  is  readj"  for  shipment.  In  this  district, 
hydrating  is  carried  on  at  one  plant,  but  the  method  is  secret. 

There  are  three  stages  in  the  manufacture  of  hydrate,  viz: 

1.  Crushing  the  lime  to  a suitable  size. 

2.  Thorough  mixing  of  the  lime  with  the  proper  amount  of  wat*r. 

or  hydrating  proper. 

а.  Sprinkling  the  lime  with  water. 

б.  Constantly  stii'ring  or  agitating  the  mixtur©  until  dry. 

3.  Separation  of  the  hydrate  from  impiirities  of  a physical  nature. 
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Lime  used  j'or  makiug  livdrate  siiould  not  be  burned  at  a very  high 
temi)e]‘ature,  otherwise  cliukeriiig  or  sintering  will  result  and  this  is 
a serious  di-awback  in  hydrating.  The  lime  should  be  burned  very 
slowly  so  as  to  prevent  any  suc-h  action.  However,  the  j)urer  the 
lime,  the  less  clinkering  will  result  owing  to  the  lower  temperature 
of  burning. 

C(»st  of  iManufacture. 

The  piinrijsal  items  in  estimating  the  cost  of  hydrating  lime  are: 

a.  Cost  of  ]dant  and  epuipmeiit. 

b.  Cost  of  fuel  and  lime. 

c.  Cost  of  power. 

d.  Wages. 

Standard  of  Packing,  Shipping,  Ctc. 

Tlie  manufaclurers  of  hydrated  (lief.  26)  lime  use  a standard  uni- 
form package  as  follows: 

"Mags:  A heavy,  closely-woveu  Imrlap  or  duck  cloth  bag,  contain- 
ing 100  i)ounds  each,  or  20  bags  ])er  ton;  a paper  bag  or  sack,  con- 
taining 40  jKUinds  each,  or  50  bags  per  ton.” 


Statistics. 

The  following  table  gives  the  statistics  for  hydrate,  in  the  United 
States,  for  the  years  1908,  1909  {a),  and  1910  (b). 


Year. 

Quantity. 

Value. 

Ave.  price  (short  ton). 

No.  plants  in  U.  S. 

Plants  in  Penna. 

i 

1908,  

136,441 

$.143,202 

$4  02 

46 

11 

1909,  

20?,611 

913,150 

4 40 

51 

10 

1910,  

320,819 

1,288,789 

4 02 

52 

8 

PAET  lY. 

Description  of  the  Quarries  and  Associated  Plants  in  the  York 

Valley  Limestone  Melt. 

Mach  quarry  and  associated  jdnnt  in  operation  at  the  iiresent  time 
is  described  in  the  order  given  on  the  detailed  map  accompanying 
this  report  (Plate  'SA. 


Ca)  U.  S.  Geol.  Sun-.,  Min.  Res.,  Part  2,  1909,  p.  549. 
(b)  U.  S.  Geol.  Surv.,  Min.  Res.,  Part  2.  1910,  pp.  616-7. 
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TJk^  (lesci-ii>tioiis  hi'ar  oiiliroly  on  llie  ])eti‘ological  cliaraclcr  ol'  tiie 
sloiio.  I'll  all  oases,  llie  ini.ueials  I’oiuid  in  (he  (fnan-ios  are  voi-y 
sparingly  jn'osoiU  and  in  no  instant  in  snlliciont  quantities  to  lessen 
or  alteot  the  coinmei-eial  value  of  the  limestone.  Dolomite  is  classed 
as  a mineral,  as  well  as  a loek,  ))nt  where  classed  as  a mineral,  it  is 
in  crystalline  I'oian. 

(^mo  ry  No.  1. 

B.  F.  Jieard’s  (originally  Kerr's)  (piari-y  is  situated  in  Wrightsville, 
at  a point  a]»proximately  l.oOt)  l'e(‘t  north  of  the  Wrightsville  bridge 
and  about  300  I'eet  west  of  the  Sus(iuehanna  rivmr.  The  (piarry  is  one, 
of  the  sidehill  type  and  is  ai)proximateh'  1,000  feet  long  and  300  feet 
wide,  with  a clay  overburden.  The  opening  of  the  <]uarry  dates  back 
about  75  3^ears  (see  II.  D.  Kogers,  First  Geol.  tsurv.,  Fa.,  Vol  I,  1S58). 
A siding  from  the  “York  Branch”  of  the  Pennsylvania  Kailroad  runs 
to  within  100  feet  of  the  quarry.  The  average  dip  of  the  limestone  beds 
is  54°  H.  I'h,  and  tlie  strike  varies  fiom  K.  ()4°  F.,  lo  X.  80°  F.  Types 
of  stone  in  the  quarry  include  massive,  com[)act,  white,  gray  and 
cream  colored  limestones,  frequently  containing  iiiegularly  dis- 
tributed i)alc]ies  of  dolomite;  a bed  of  tough,  compact,  crystalline, 
gray  dolomite,  about  sev'en  feet  in  thickness;  and  a bed  of  shaiy, 
graiihitic,  thinly-bedded  limestone,  contai.ning  an  al)undance  of  ipyrite. 
The  minerals  observed  are  pyrite,  hematite,  limonit(\  chalcopyri'o', 
dolomite,  calcite,  quartz  and  tiuoroite. 

Methods  of  quarrijing.  Stripping  is  done  by  means  of  j ick,  shovel 
and  plow;  drilling  is  ])erfoiiued  by  a steam  drill  and  40  jier  cent, 
dynamite  is  used  for  blasting,  e.xploded  by  electricity.  After  the 
limestone  has  been  Inolcen  into  sizes  suitable  for  charging  into  iln* 
kilns,  it  is  loaded  on  small  wooden  ca.rs,  which  are  hoisted  up  an  in- 
cline to  the  tops  of  the  kilns,  by  a steam  driven  hoist,  o])ei-aled  by 
a GO  11.  P.  boiler.  There  are  about  GO  feet  of  water  in  the  older  woik- 
ings  of  the  (piarry  and  this  water  is  kept  at  a certain  d(dinite  lev(“l 
by  a steam  pump. 

Mannfaeftire  of  lime.  The  stone  (piarried  is  used  solely  for  the 
purpose  of  lime-burning,  although  it  is  possible  that  the  ‘'.seven  foot 
bed”  of  dolomite  will  find  use  as  road  metal.  The  lime  is  used  for 
agricultural,  chemical  and  lluxing  ])ur])oses  and  for  making  mortars 
and  cements.  Fleven  ‘'set”  kilns  are  in  use,  eacli  of  wliich  has  a 
capacity  of  1,100  bushels.  The  internal  height  of  each  kiln  is  14  fe(d. 
and  the  top  diameter  is  12  feet,  the  bottom  being  six  feet.  Coal  and 
wood  ai-e  used,  the  former  being  ig-nited  by  the  latter  which  is  piled 
up  at  the  base  of  the  kiln,  the  coal  being  mixed  wilh  the  limestone, 
as  it  is  charged  into  the  top  of  the  kiln.  The  lime  is  shipped  both  in 
bulk  aud  in  barrels  over  the  siding  of  the  “York  Branch”  of  the  Penn- 
sylvania Railroad  to  markets  located  throughout  Pennsylvania,  Wary- 
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laud,  Delaware  and  Is^ew  York.  Locally  the  lime  is  hauled  iroiu  the 
plant  in  spring  wagons. 

Quarry  No.  2. 

John  A.  Emig’s  quarry  is  located  about  one  mile  soutiieast  ot  Hel- 
ium, along  the  "York  Branch”  of  the  Pennsylvania  Eailroad,  and  near 
Creitz  (Kreitzj  Creek.  The  qnanj  is  one  of  the  hillside  type  and  is 
api)roximately  90  feet  long  and  45  feet  wide.  The  workings  are  not 
deep  as  can  be  seen  by  the  weathering  of  the  limestone,  which  in  some 
iiistcUices  is  25  feet  or  more  in  depth.  The  overburden  is  clay.  This 
clay  contains  much  iron  due  to  the  alteration  and  hydration  of 
pyrite,  which  is  common  in  certain  beds  of  limestone  observed  in  the 
quariy.  The  quarry  Avas  opened  in  1909.  Dip  of  the  beds  is  72°  S.  E., 
strike  N.  45°  E.  Types  of  stone  observed  are  beds  of  shaly  pyrifer- 
ons  limestone;  a gray,  compact  limestone  and  patches  of  Walcott’s 
“rntraformational  Conglomerate.’’  The  thin  shaly  limestone  appears 
upon  hasty  examination  to  be  uulit  for  purposes  of  lime  manufacture, 
but  upon  calcining  yields  an  exceptional  grade  of  lime.  Pyrite, 
quartz,  calcite  and  dolomite  are  the  only  minerals  observed. 

.][ethods  of  qaairi/ing.  Stripping  is  done  by  pick  and  shovel;  diall- 
ing by  hand  only;  for  blasting  a 40  per  cent,  dynamite  is  used  and 
is  exploded  by  fuse.  After  the  rock  is  blasted  doAvn  it  is  further 
broken  into  sizes  suitable  for  handling,  loaded  on  carts  and  conveyed 
to  the  kiln  tops.  As  the  quarry  is  level,  atmospheric  evaporation  is 
resorted  to. 

Manufacture  of  lime.  The  stone  is  used  for  the  manufacture  of 
lime  which  product  is  used  for  agricultural  and  chemical  purposes, 
as  aatU  as  for  making  mortars,  plasters  and  cements.  Seven  “set” 
kilns  are  in  use,  each  of  Avhich  has  a capacity  of  1,000  bushels.  Each 
kiln  is  15  feet  in  height,  and  internal  top  diameter  of  12  feet  and  a 
similar  bottom  diameter  of  se\^eu  feet.  Three  of  these  kilns  AA’ere 
built  in  1899-1900;  tAvo  in  1908,  and  tAvo  in  1910-1911.  Coal  and 
Avood  are  used,  the  former  being  mixed  Avith  tlie  limestone  and  the 
latter  to  start  calcination  and  ignite  the  coal.  Tlie  lime  is  shi])ped  to 
Amrious  markets  over  the  “Y"ork  Brandi’’  of  tlu'  Pennsylvania  Eail- 
road, and  to  local  markets  in  sju-ing  Avagous.  The  principal  markets 
are  situated  throxighout  Penusyhmiiia,  Maryland  and  DelaAvare. 

Quarry  No.  3. 

B.  H.  Stoner’s  (\uarry  is  located  about  one-half  mile  south  of  the 
York  and  Wrightsville  turnpike  and  1^  miles  soutliAA^est  of  Hellam. 
It  is  about  300  feet  north  of  the  “York  Branch”  of  the  Pennsylvania 
Eailroad.  This  quarry  is  one  of  the  pit  type,  is  approximately  250 
feet  in  length  and  varies  from  50  to  75  feet  in  width.  It  has  a clay 
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overburden,  varying  in  thickness  from  two  to  eight  feet.  Th«  <juarry 
was  opened  about  50  years  ago.  The  observed  dip  of  the  limestone 
beds  is  23°  S.  E.,  and  the  strike  N.  60°  E.  Types  of  stone  noted  are  a 
gray-blue,  high  calcium  limestone;  a dark-blue,  shaly,  pyritiferous 
limestone,  with  much  gra])hite;  a gray,  banded  limestone;  a gray, 
gray-blue  and  cream  colored  limestone,  containing  quartz  in  the 
shape  of  minute  rounded  grains;  and  a blue,  saccharoidal,  crystalline 
limestone.  Pyrite,  sphalterite,  galenite,  chalcopyrite,  hematite, 
limonite,  chlorite,  graphite,  apatite,  calcite  and  dolomite  are  observed 
in  sparing  amounts. 

Methods  of  quarrying.  Stripping  is  carried  on  by  pick  and  shovel; 
drilling  by  a steam  drill.  A 40  per  cent,  dynamite  is  used  for  blast- 
ing, exploded  by  electricity.  The  limestone,  broken  into  sizes  suit- 
able for  charging  into  the  kilns,  in  hoisted  up  an  incline  by  a hoist, 
operated  by  steam  generated  in  a 60  H.  P.  boiler.  A spring  in  the 
quarry  pit  requires  the  almost  constant  use  of  a steam  pump. 

Preparing  the  limestone.  The  limestone  quarried  is  used  for  the 
manufacture  of  lime,  and  for  macadam  and  concrete.  The  limestone 
is  hoisted  to  the  crusher,  from  which  it  is  conveyed  to  the  screens  by 
a chain  conveyor.  The  screen  is  divided  into  tlu’ee  sections,  varying  in 
the  size  of  the  perforations  from  three-eights  inch  to  inches,  the  in- 
termediate size  being  one  inch.  From  the  screen  the  limestone  is 
allowed  to  dj’op  into  storage-bins,  from  which  it  is  withdrawn  when 
required.  The  limestone  is  packed  in  bulk  and  shipped  over  the 
“York  Branch”  of  the  Pennsylvania  Railroad  to  various  markets  lo- 
cated in  Eastern  Pennsylvania. 

Manufacture  of  lime.  The  lime  is  used  for  agricultural 
and  chemical  purposes  and  for  making  cements,  mortars 
and  plasters.  There  are  nine  kilns  in  operation,  seven  of  which  are 
of  the  “set”  type  and  two  of  the  “draw”  type.  The  seven  “set”  kilns 
were  erected  about  20  years  ago  and  the  two  “draw”  kilns,  during 
1907.  Each  kiln  has  a height  of  18  feet.  Three  kilns  have  internal 
top  and  bottom  diameters  of  17  feet  and  8 feet,  respectively:  two, 
have  internal  top  and  bottom  diameters  of  14  feet  and  7 feet ; two, 
top  and  bottom  diameters  of  8 and  5 feet,  respectively;  one  top  and 
bottom  diameters  of  12  and  6 feet;  and  one  a top  and  bottom 
diameter  of  10  and  6 feet,  respectively.  Five  of  the  kilns  have  a 
capacity  of  1,500  bushels  each ; two  400  to  500  bushels  each  ; one  800 
bushels,  and  one  500  bushels.  The  heights  are  taken  from  the  top  of 
the  grate  in  the  “seP’type,  whereas  in  the  “draw”  type  they  are  taken 
from  the  base  of  the  kiln.  Pea  coal,  coke  and  wood  are  used  for  pur- 
poses of  calcination,  the  latter  to  start  combustion;  the  coal  is  mixed 
with  the  stone  in  the  center  of  the  kiln ; the  coke  being  similarly  mixed 
with  the  stone  around  the  periphery.  Shipment  is  made  over  the 
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“York  Braucli”  of  the  Peuiisyivaiiia  Itailroad,  at  Campbell’s  Station, 
to  mai'kets  in  various  parts  of  Pennsylvania,  IMaryland,  Delaware 
and  INew  Je'rsey. 


(Quarry  iN'uiul)er  4. 

The  <iuarry  of  the  York  A^alley  Lime  Company  is  located  along  the 
York  and  \Yriglitsville  turnpike,  about  1;^  miles  west  of  llellaui,  and 
three-eighths  mile  north  of  the  “Y"ork  Branch”  of  the  Pennsylvania 
Pailroad.  The  (piarry  is  of  the  pit  type,  350  feet  long,  85  feet  wide  and 
05  feet  deep,  and  was  oi»eued  during  the  year  1800.  The  limestone 
beds  are  covered  by  a clay  overburden.  The  dip  of  the  beds  is  45°  S.  E., 
strike,  N.  72°E.  T'ypes  of  stone  observed  are  massive,  shaly,  dark-blue; 
banded  (a  white  massive  stone  with  jiarallel  bands  of  black  shale); 
white,  compact,  crystalline;  massive,  cauiipact,  blue-gra}',  high  cal- 
cium; gray,  crystalline  dolomite;  dark-blue,  shaly,  ])yritifero\is  and 
graphitic  limestone,  aiiproachiiig  a slate,  in  textuie.  Graphite,  py- 
rite,  chalcopyidte,  sphalerite,  calcite,  dolomite,  quartz,  cliert  and 
lluorite  are  oliserved  in  sparing  (juantities. 

jJctJiods  of  qinui  jjimi.  Stripping  is  carried  (Oi  by  pick,  shovel  and 
jdow;  drilling  by  means  of  two  steam  drills:  a 40  jier  cent,  dynamite 
is  used  for  blasting  and  all  charges  are  exploded  by  electricity.  After 
the  stone  has  been  Idasted  down,  it  is  loaded  on  steel  buckets,  scoop- 
like in  appearance,  these  in  tiiru  are  hoisted  from  the  quarry  ])it  by 
means  of  an  overhead  cable  to  the  crusher.  The  stone  to  be  used  for 
lime  burning  is  emptied  from  the  buxckets  into  cars  which  run  from 
the  (luarry  to  the  kilns,  a distance  of  appi'oximately  one-quarter  mile. 
Upon  reaching  the  kilns,  the  stone  is  huided  from  the  cars  onto  scoops 
and  by  means  of  another  overhead  cable  is  charged  into  the  tops  of 
the  kilns.  Drainage  is  effected  by  tive  steam  i)Uinps. 

Prepai  iiuj  the  Innestone.  The  limestone  quarried  is  used  for  ballast, 
macadam,  concrete  and  building  purposes.  As  the  stone  comes  from 
the  quarry  it  is  charged  into  a jaw  crusher,  operated  by  a 20  41.  P. 
slide-valve  engine.  From  the  crusher  it  is  conveyed,  by  means  of  a 
steel  bucket  conveyor,  to  the  screens,  operated  by  the  engine  operating 
the  crusher.  The  pei-forafious  in  ilie  screen  are  of  three  sizes,  iiainely: 
one  incli,  two  indies  and  three  inches.  From  the  screens,  the  stone  is 
conveyed  to  a sbirage-bin  from  which  it  can  lie  discharged  info  wagons 
o]-  caj's  run  iK'ueaih  the  draw-gate.  Another  20  11.  1^.  slide-valve  en- 
gine is  used  to  operate  the  conveyors.  All  crushed  stone  is  shiiqied  in 
bulk'  form  to  local  markets,  either  in  Avagous  or  over  the  York  Branch 
of  the  Pennsylvania  Eailroad. 

Manufacture  of  lime.  The  lime  produced  is  used  for  agricultural 
and  chemical  jmrposes  and  for  mortars,  cements  and  plasters.  There 
were  tAvelve  Keystone  Patent  Flame  Kilns  in  operation  at  this  plant, 
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four  of  wliic'li  are  old  iu  design,  the  remaining  eight  being  of  tlie  im- 
proved tj’pe.  (On  the  night  of  iMarch  12,  11)12,  the  kilns  were  de- 
stroyed by  lire.  At  the  time  of  writing  this  report,  the  kilns  were 
operating  on  full  time,  but  it  will  be  some  time  before  operations  are 
resumed. ) 

The  limestone,  after  being  properly  sized  was  charged  into  the  top 
of  the  kiln,  and  gradually  moved  towards  the  bottom,  as  the  underly- 
ing portions  were  withdrawn.  Beat  was  provided  by  two  furnaces, 
situated  on  the  opposite  sides  of  the  kiln  near  the  Itase,  the  bottom  of 
each  furnace  resting  upon  the  door.  The  tinished  product  was  aihtwed 
to  fall  into  the  cooling  chamber,  prior  to  being  witlidrawn.  After 
cooling  slightly,  the  lime  was  withdrawn  through  the  bottom  of  tlie 
cone  by  opening  two  draw-gates,  which  allowed  tlie  lime  to  fall  into 
(‘ars  beneath.  P^'our  of  the  kilns  were  erected  in  100.'! ; four  in  1!)05  and 
four  in  1907.  The  height  of  the  kilns  from  the  floor  level  to  the  top 
was  47  feet  and  10  inches.  The  outside  diametei'  of  the  steel  shell 
was  11  feet,  of  the  inside  of  the  lining  six  feet  six  inches.  The  capacity 
of  each  kiln,  rvorking  24  liours,  was  300  tons.  Fuel  was  used  in  fur- 
naces situated  without  the  kiln,  the  heat  from  rvliieh  was  allowed  to 
pass  into  the  kiln  through  the  Avails  Avhich  Avere  lined  with  fire-clay. 
Either  natural  or  forced  draught  Avas  used.  The  finished  product 
Avas  shipped  in  bulk  and  in  burlap  bags,  each  holding  100  pounds,  to 
markets  all  oA^'er  the  eastern  United  States,  OA^er  the  “Yoi-k  llranch'’ 
of  the  Pennsylvania  Ttailroad,  and  locally,  in  spring  wagons. 

Quarry  Number  5. 

4 he  cpiarry  ol  John  Schuin  and  Geo.  A.  Buhl  is  located  along  Diehl’s 
.Mill  Ttoad  about  14  miles  northeast  id’  York  and  one-eighth  mile  north 
of  the  ‘‘Fork  Branch”  of  the  Pennsylvania  Kailroad.  4 he  ouaiay  AA'as 
opened  during  1899  and  is  one  of  the  sidehili  type,  100  feet  in  length 
and  35  feet  in  height  and  is  covered  by  clay,  the  thickness  of  winch 
varies  from  one  foot  to  25  feet.  OAviiig  to  the  abundant  fracturing 
of  the  rock,  it  is  impossible  to  obtain  any  satisfactory  diji  or  stidke, 
but  the  probable  dip  of  the  beds  is  24°kSE.,  and  the  strike  N.  S4°1V. 
The  types  of  stone  observed  are  beds  of  blue,  compact,  massive  lime- 
stone containing  many  inleiealaied  veins  of  calcite:  a gra\,  dolo 
mitic  limestone;  a crystalline,  coarse-grained  limestom'  ami  a snr- 
ticial  limestone,  containing  beds  of  limonite,  Avith  malachite.  Galcite, 
dolomite,  limonite,  hematite,  pyrite,  (jiiartz,  chalcopyrite,  malachite, 
ankerite,  siderite  and  niti'o-calcite  are  observed  in  s])aring  quainities. 

Methods  of  quarrying.  Stripping  is  done  by  pick,  shovel  and  ploAV, 
drilling  by  a steam  drill;  all  blasting  is  done  with  a 40  per  cent, 
dynamite,  which  is  exploded  by  fuse.  After  the  limestone  has  been 
blasted  ^own  it  is  loaded  on  carts  and  hauled  to  the  crusher.  At- 
mospheric exaporation  is  resorted  to. 
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Prrparing  the  limestone.  The  stone  as  it  comes  from  the  quarrj  is 
emptied  into  a jaw  crnslier,  o])erated  by  a 50  H.  P.  motor.  From  the 
crusher,  it  is  conveyed  to  the  screens,  the  perforations  of  which  are 
five-eights  inch,  one  inch  and  two  inches  in  diameter.  After  being 
screened  the  stone  falls  into  a storage-bin  from  which  it  is  discharged 
into  wagons.  It  is  sent  entirel}-  to  local  markets  in  spring  wagons. 

Quarry  Number  6. 

The  quarry  of  H.  S.  Ebert  and  A.  M.  Hake  is  located  on  West 
Philadelphia  street,  about  miles  east  of  York,  and  one-eighth  mile 
south  of  the  “York  Branch”  of  the  Pennsylvania  Railroad.  The 
quarry  was  opened  about  30  years' ago  and  is  of  the  pit  type,  400  feet 
in  length,  200  feet  in  width  and  25  feet  in  depth,  with  a clay  over- 
burden. The  dip  of  the  beds  is  5-5° SE.,  the  strike,  N.59°E.  A thinly- 
bedded,  shaly  limestone;  a gray-blue,  compact  limestone;  and  a gray 
limestone,  with  white  and  blue  patches  are  the  characteristic  types 
observed.  Pyrite,  fiuorite,  calcite,  dolomite,  quartz  and  chalcopyrite 
are  the  minerals  observed. 

Methods  of  quarry incj.  Stripping  is  done  by  pick  and  shovel  and 
drilling  by  hand;  dynamite  is  used  for  blasting,  the  charges  being 
exploded  by  fuse.  After  the  rock  has  been  quarried,  it  is  loaded  on 
carts  and  hauled  to  the  crusher.  Atmospheric  evaporation  is  resorted 
to. 

Preparing  the  limestone.  The  stone  is  charged  into  a jaw  crusher, 
operated  by  a motor.  From  the  crusher,  it  is  conveyed  to  the  screens 
by  a bucket  convejmr.  The  perforations  in  the  screens  are  one-quarter 
inch,  seven-eights  inch  and  one  and  one-half  inches,  the  latter  repre- 
senting the  oversize,  tlie  stone  falls  into  a storage-bin  from  which  it 
is  withdrawn  and  discharged  into  spring  wagons  and  carts.  All 
stone  is  shipped  to  local  markets,  either  in  spring  wagons  or  carts. 


Quarry  Number  7. 

Charles  E.  Miller’s  quarry  is  located  about  five-eights  mile  south- 
east of  York,  on  the  same  property  as  C.  E.  Miller’s  Steam  Brick 
Works,  and  five-eights  mile  southwest  of  the  Maryland  and  Pennsyl- 
vania Railroads.  It  was  opened  about  50  years  ago;  is  of  the  sidehill 
tyi)e,  220  feet  long,  280  feet  wide  and  15  feet  high  with  a clay  over- 
burden. As  the  limestone  beds  are  followed  to  the  south,  the  thick- 
ness of  the  overburden  bocomes  very  great.  The  dip  of  the  beds  varies 
from  18° SE.,  to  72° SE.,  the  strike,  N.  77°E.  Various  beds  of  stone 
observed  include  a shaly,  thinly-bedded,  gray-blue  and  blue  limestone; 
gray  limestone  containing  much  silica,  in  the  form  of  quartz  grains; 
and  beds  of  gray  limestone  having  a sharp  and  conchoidal  fracture. 
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Calcite,  dolomite,  quartz,  pyrite  and  chalcopyrite  are  sparingly  pres- 
ent. 

Methods  of  quarrying.  Stripping  is  done  by  pick  and  shovel  and 
drilling  by  hand;  all  blasting  is  done  with  black  powder  and  fuse. 
After  the  limestone  has  been  broken  down,  it  is  loaded  on  carts  and 
drawn  to  the  crusher,  in  case  crushed  stone  is  desired.  If  the  stone 
is  required  for  building  purposes,  it  is  loaded  on  wagons  in  the  quarry. 

Preparing  the  limestone.  The  limestone  when  crushed  is  used  as 
ballas,  macadam  and  for  making  concrete;  uniriramed,  it  is  used 
for  building  purposes.  As  the  stone  comes  from  the  quarry,  it  is 
charged  into  a small  crusher  operated  by  steam.  From  here  it  is 
hoisted  to  the  screens  by  a bucket  conveyor.  The  material  is  stored 
in  bins  until  further  desired.  It  is  sent  to  the  markets,  which  are  en- 
tirely local,  by  wagons  or  carts. 

Quarry  Number  8. 

P.  S.  Burgard’s  quarry  is  located  about  IJ  miles  northwest  of  York, 
'and  seven-eights  mile  west  of  North  George  street,  extended.  The 
quarry  is  one  of  the  pit  type  and  was  opened  about  75  years  ago. 
Eeference  is  made  to  one  of  the  quarries  on  the  property  of  P.  S.  Bur- 
gard  as  “one  mile  northwest  of  town  are  extensive  quarries,  in  one 
occnrs  a beautiful  flesh-colored  marble.”  (see  H.  D.  Rogers,  First 
Geol.  Surv.,  Pa.,  Vol.  1,  p.  222,  1858).  The  quarry  is  150  feet  in 
length,  70  feet  in  width  and  20  feet  in  height,  and  has  a clay  over- 
burden, the  thickness  of  which  varies  from  two  to  ten  feet.  The  dip 
of  the  beds  is  approximately  10° SE.,  and  the  strike  N.  57°E.  Among 
the  various  types  of  stone  observed  may  be  mentioned  a white,  com- 
pact marble;  a pink,  compact  marble,  with  and  without  patches  of 
dolomite;  a rock  intermediate  between  pisolite  and  oolite,  v/ith  a 
cement  consisting  of  a red,  ferruginous  clay  and  limestone ; blue-gray 
white,  cream  and  pink  limestones ; compact,  flne-grained  marbles,  with 
patches  of  red,  shaly,  ferruginous  matter,  giving  the  marbles  a 
mottled  appearance;  and  a white,  saccharoidial  limestone.  Calcite, 
dolomite,  hematite,  and  quartz  are  the  common  minerals  occuring  in 
the  quarry.  There  are  numerous  beds  of  the  red  clay  which  contain 
talc,  serpentine  and  other  hydrous  silicates. 

Methods  of  quarrying.  Stripping  is  done  by  pick  and  shovel;  drill- 
ing with  a steam  drill;  both  dynamite  and  black  powder  are  used  for- 
blasting  and  are  exploded  by  fuse.  After  the  stone  has  been  blasted 
down  it  is  broken  into  sizes  suitable  for  handling,  loaded  on  carts  and 
hauled  to  the  kilns  on  N.  George  street,  extended.  Drainage  is  carried 
on  by  means  of  a steam  pump,  which  is  kept  in  continuous  action, 
owing  to  a large  spring  in  the  quarry  pit. 

Mttnndaetnre  of  lime.  The  limestone  quarried  is  used  for  lime-mak- 
Irjg,  the  lime,  in  turn  being  used  for  chemical,  agricultural  and  build- 
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ing  purposes.  There  are  two  “draw”  kilns  in  operation,  which  have 
been  remodeled,  although  the  original  kilns  stood  on  the  present  site 
for  more  than  100  years.  Each  kiln  is  25  feet  in  height  and  has  an 
internal  bottom  diameter  of  eight  feet  and  a similar  top  diameter,  of 
eight  and  one-half  feet.  The  capacity  of  each  kiln  is  1,750  bushels. 
Pea  coal  and  coke  are  used,  the  former  being  mixed  with  the  stone  in 
the  centre  of  the  kiln;  the  latter  around  the  periphery.  After  the 
lime  has  been  withdrawn  from  the  kilns,  it  is  packed  in  barrels  or 
loose  on  spring  wagons  and  carts,  and  taken  to  local  markets. 

Quarry  Number  9. 

The  quarry  of  the  Emigsville  Quarry  Company,  owned  by  Cap’t  W. 
H.  Lanius  of  York,  is  located  near  the  Harrisburg-Baltimore  turn- 
pike, at  Emigsville,  one-quarter  mile  southwest  of  the  Emigsville 
station  along  the  Northern  Central  Kail  way,  and  four  miles  north  of 
York.  The  quarry  is  one  of  the  pit  type  and  was  opened  about  60  years 
ago.  It  is  120  feet  long,  80  feet  wide  and  35  feet  deep,  and  is  covered 
by  clay,  the  thickness  of  which  is  very  small.  The  dip  of  the  beds  is' 
34° SE.,  and  the  strike  N.  58°E.  Beds  of  blue-gray,  saccharoidal  lime- 
stone; gray,  compact,  tough  limestone;  a blue,  compact,  massive  lime- 
stone; gray -blue  saccaroidal  and  a gray,  dolomite  limestone  are  ob- 
served. Among  the  various  minerals  are  dolomite,  calcite,  quartz, 
fluorite,  chalcopyrite,  sphalerite,  pyrite,  asbestus  and  talc. 

Methods  of  quaf  vying.  Stripping  is  done  by  pick,  shovel  and  plow ; 
drilling  with  a steam  drill.  A 40  per  cent,  dynamite  is  used  and  all 
charges  are  exploded  by  electricity.  After  the  stone  has  been  blasted 
down,  it  is  loaded  on  cars,  which  are  hoisted  up  an  incline  by  a hoist- 
ing-drum operated  by  a 30  H.  P.  steam  engine.  The  stone  is  allowed 
to  fall  into  a hopper,  from  which  it  is  fed  into  the  crusher  by  hand. 
The  quarry  is  frequently  filled  Avith  water  which  necessitates  the  use 
of  a steam  pump. 

Preparing  the  limestone.  The  limestone  besides  being  burned  for 
lime,  is  used  for  building  purposes,  concrete  and  ballast.  The  lime- 
stone coming  from  the  quarry  is  crushed  in  a jaw  crusher.  From  the 
crusher  the  stone  is  conveyed  by  a bucket  conveyor  to  the  screens 
Avhich  are  perforated  into  sizes  varying  from  three-eighth  inch  to  one 
inch.  From  here,  the  stone  is  stored  in  bins  until  desired.  The 
crushed  stone  is  shipped  to  local  markets,  by  means  of  wagons,  carts 
or  trolley  cars. 

Manufacture  of  lime.  The  lime  is  used  for  building  and  agricultural 
purposes.  Three  “draw”  kilns  are  in  use,  which  are  encased  in  a 
concrete  shell,  the  spaces  between  the  external  walls  of  the  kilns 
and  the  internal  walls  of  the  concrete  shell  being  filled  in  with  clay, 
so  as  to  give  more  resiliency  to  the  kiln.  These  kilns  were  built 
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during  1913,  and  their  building  caused  a lack  of  operation  in  quarry- 
ing. Each  kiln  is  25  feet  high  and  has  an  internal  top  diameter  of 
seven  feet  and  internal  middle  diameter  of  18  feet  and  internal  bottom 
diameter  of  22  inches  and  holds  500  bushels  of  stone.  Pea  coal,  stove 
coal  and  coke  are  used.  The  coal  is  mixed  with  the  stone  in  the 
centre  of  the  kiln;  the  coke  around  the  periphery'.  Markets  are  en- 
tirely local,  the  lime  being  hauled  in  wagons  and  carts. 


Quarry  Number  10. 


The  quarry  of  the  Union  Stone  Company,  owned  by  the  J.  E.  Raker 
Company,  of  York,  is  located  about  three-eights  mile  north  of  New 
Holland,  and  800  feet  west  of  the  Susquehanna  river.  A siding  of  the 
“low  grade”  freight  division  of  the  Pennsylvania  railroad  runs  into  the 
yard  of  the  plant.  The  quarry  is  one  of  the  pit  type,  and  was  opened 
during  1903-1904.  It  is  350  feet  long,  150  feet  wide  and  varies  in  depth 
from  55  feet  to  75  feet.  The  overburden  is  clay,  which  in  some  places 
is  so  thick,  as  to  warrant  abandonment  of  that  part  of  the  quarry. 
The  dip  in  the  railroad  “cut”  to  the  north  approximates  30°NE..  and 
the  strike,  N.  58°E.,  but  the  dip  in  the  quarry  appears  to  be  12° SE. 
Among  the  stones  observed  may  be  mentioned  beds  of  blue-gray,  com- 
pact, massive,  limestone;  blue,  compact  limestone  with  numerous 
patches  of  dolomite  and  veins  of  calcite;  gray  and  blue  dolomitic  lime- 
stones. Calcite,  dolomite,  quartz,  siderite,  ankerite,  aragonite,  fluo- 
rite, sphalerite,  graphite,  pyrite,  chalcopyrite,  hematite  and  limonite 
are  sparingly  present  in  the  limestones. 

Methods  of  quarrying.  Stripping  is  done  by  pick,  shovel  and  plow: 
three  steam  drills  are  used.  A 40  per  cent,  dynamite  is  used  and 
all  charges  are  fired  by  electrcity.  The  limestone  after  being  broken 
into  sizes  suitable  for  handling,  is  loaded  on  cars,  which  are  hoisted 
up  an  incline  to  the  crusher  by  a hoisting  drum,  operated  by  a steam 
engine.  Two  steam  pumps  are  required  to  raise  the  water  to  the  first 
level ; and  two  to  pump  the  water  from  the  quarry. 

Preparing  the  limestone.  The  limestone  quarried  is  used  mainly 
for  purposes  of  fluxing,  although  a little  is  used  as  macadam.  As  the 
stone  comes  from  the  quarry,  it  is  crushed  in  two  movable  jaw 
crushers,  operated  by  a steam  engine.  From  the  crushers  the  stone 
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is  conveyed  by  means  of  a bucket  conveyor  to  the  screens,  the  per- 
forations in  which  are  three-quarters  inch,  one  inch,  two  inches,  three 
inches  and  four  inches  in  diameter.  Sometimes  larger  pieces  are  re- 
quired. The  screened  stone  is  stored  in  bins  from  which  it  is  dis- 
charged into  freight  cars,  wagons  or  carts.  Shipments  are  made  over 
the  “low  grade”  freight  division  of  the  Pennsylvania  Kailroad,  to 
various  markets  in  eastern  United  States. 


Quarry  No.  11. 


The  quarry  of  the  York  Stone  and  Supply  Company,  owned  by 
Eli  Z.  Zim,  Wm.  Scheffer  and  Conrad  Myers,  all  of  York,  is  located 
along  the  York  and  Dover  trolley  line,  IJ  miles  northwest  of  York, 
and  one-half  mile  northwest  of  the  West  Y^ork  station  of  the  ‘Work, 
Hanover  and  Frederick  Division”  of  the  Pennsylvania  Eailroad  and 
the  Western  Maryland  Eailroad.  The  ([uarry  was  opened  between 
1899  and  1901  and  is  of  the  sidehill  type,  350  feet  long  and  45  feet 
high,  Avith  a clay  overburden.  The  dip  of  the  beds  is  16°  N.  W.,  and 
the  strike  N.  6°  W.,  to  N.  34°  W.  Types  of  stone  observed  are  beds 
of  dark-blue,  massive,  compact,  limestone,  containing  much  vein  cal- 
cite  and  pyrite;  gray-blue  and  gray,  massive,  highly  fractured  lime- 
stones, gray-blue  massive  limestone,  and  a bed  of  vein  calcite,  about 
16  inches  thick.  Calcite,  dolomite,  fluorite,  gypsum,  quartz^  serpen- 
tine, talc,  pyrite,  galenite,  sphalerite,  chalcopyrite,  hematite,  limonite 
and  malachite  are  observed  in  sparing  quantities.  Some  of  the  more 
common  of  these  minerals  occur  in  beautiful  crystals. 

Methods  of  quarryinr/.  Stripping  is  done  by  pick  and  shovel;  drill- 
ing, by  three  air-hammer  drills,  air  for  which  is  furnislied  by  an  air- 
compressor,  operated  by  an  85  H.  P.  slide-valve,  throttle  engine ; blast- 
ing is  carried  on  by  dynamite,  fired  by  electricity.  After  the  lime- 
stone has  been  blasted  doAvn,  it  is  loaded  on  cars  and  hoisted  up  an 
incline  by  a hoisting  drum.  Drainage  is  brought  about  by  atmos- 
j>heric  evaporation. 

Preparing  the  limestone.  The  limestone  is  used  for  ballast,  ma- 
cadam, concrete  and  building  purposes.  As  it  comes  from  the  quarry 
it  is  crushed  in  a gyratory  cmsher,  the  oversize  from  this  crusher 
passing  through  a “disc”  pulverizer;  both  crusher  and  pulveiflzer 


A. 

Plate  XVI.  N.  E.  wall  of  the  Thomasville  Stone  and  Lime  Company’s 
quarry,  showing  massive  white  limestone. 


B. 


N.  W.  wall  of  the  quarry  of  the  York  Stone  and  Supply  Co.,  showing 
contact  between  a bed  of  dark-blue  limestone  and  one  of  gray, 
fractured  type. 
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are  operated  by  the  sa)ue  engine  that  operates  I Ik;  aireoiiipi-essoi-. 
After  the  stone  has  been  crushed  it  is  conveyed  to  the  screens  by  a 
bucket  conveyor.  It  is  screened  into  sizes  of  one-quarter  inch,  one 
inch,  one  and  one-half  inc])es  and  two  inches.  The  stone  used  for 
building  purposes  is  trimmed  in  the  quarry.  From  tlie  screens  the 
stone  is  stored  in  bins  until  desired.  It  is  conveyed  to  local  markets, 
in  wagons,  carts,  or  freight  cars  ( trolley ) . 

Quarry  No.  13. 

The  quariy  of  Hartley,  Ziegler  Co.,  owned  by  J.  W.  Hartley  and 
Jacob  Ziegler  of  York,  and  operated  by  L.  H.  and  Wm.  A.  Cunning- 
ham, is  located  along  the  Western  Maryland  Eailroad,  two  miles 
west  of  l"ork,  and  one-quarter  mile  south  of  Y/est  York.  The  quarry 
is  one  of  the  pit  type  and  was  opened  about  25  years  ago.  It  is  120 
feet  long,  60  feet  deep  and  80  feet  wide,  and  has  a clay  overburden, 
the  thickness  of  which  varies  from  three  to  twelve  feet.  The  dip  of 
the  beds  varies  from  42'^  S.  E.,  to  51°  S.  E.^  and  the  strike  is  N.  50° 
E.  Among  the  important  types  of  stone  are  beds  of  massive,  com- 
IJact  blue-gray,  crystalline  limestone;  gray-blue,  massive,  compact  lime- 
stone; blue-gray,  dolomitic  limestone;  and  massive,  blue  limestone, 
containing  much  quartz  in  the  form  of  grains.  Dolomite,  calcite, 
quartz,  sphalerite,  fluorite^  galenite,  nitro-calcite,  talc,  serpentine, 
pyrite,  barite,  malachite  and  an  undetermined  mineral,  very  soluble 
in  water,  are  sparingly  present. 

Methods  of  qmrryUuj.  Stripping  is  done  by  pick  and  shovel ; drill- 
ing is  carried  on  with  a steam  drill.  A 40  per  cent,  dynamite  is  used 
and  all  charges  are  tired  by  electricity.  After  the  stone  has  been 
blasted  down  and  loaded  on  cars,  it  is  hoisted  up  an  incline  by  a 
drum,  operated  by  a 40  H.  P.  steam  engine,  steam  for  which  is  gene- 
rated in  an  80  H.  P.  boiler.  Drainage  is  provided  for  by  two  steam 
pumps. 

Preparing  the  limestone.  The  limestone  is  used  for  ballast  and 
concrete.  After  being  hoisted  up  the  incline,  the  stone  is  charged 
into  a gyratory  crusher,  from  which  it  is  conveyed  by  a bucket  con- 
veyor to  the  screens,  where  it  is  screened  into  sizes  varying  from 
one-half  inch  to  four  inches.  From  the  screens  the  stone  is  stored 
in  bins,  from  which  it  is  transported  to  local  markets,  in  wagons  or 
carts. 

Quarry  No.  14. 

The  quarry  of  the  Thomasville  Stone  and  Lime  Co.,  owned  by  J.  P- 
Gittiugs,  of  Baltimore,  Md.,  is  located  along  the  Western  Maryland 
Railroad,  about  one-quarter  mile  south  of  Thomasville.  The  quarry 
was  opened  in  1900  and  is  one  of  the  pit  type,  being  300  feet  long. 
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30U  feet  wide  and  77  feet  deep,  with  a clay  overburden,  the  thickness 
of  which  varies  from  one  foot  to  six  feet.  There  is  an  absence  of  dip, 
and  the  strike  is  north  and  south.  The  various  beds  observed  include 
white  and  rose  colored  marbles;  gray-blue,  massive,  compact  lime- 
stone; pisolitic  limestone;  and  white  and  gray-blue,  ciystalline  lime- 
stone. Calcite,  dolomite,  quartz  and  pyrite  are  the  minerals  ob- 
served. 

Methods  of  quarrying.  Stripping  is  done  by  pick,  shovel  and  plow 
and  scoop;  drilling  is  carried  on  by  steam  drills.  For  blasting,  20 
per  cent,  dynamite  is  used  and  lor  mud-capping,  a 40  per  cent,  dyna- 
mite. The  stone  is  placed  on  skips  and  is  drawn  up  an  incline  by  two 
hoisting  drums,  operated  by  steam.  One  drum  is  used  to  hoist  the 
stone  to  the  kilns;  the  other  to  the  crushers.  During  1912-1913, 
a steam  shovel  will  be  installed  to  be  used  for  loading  the  cars,  prior 
to  being  hoisted  to  the  kilns  and  crushers.  Drainage  is  carried  on 
by  live  steam  pumps,  but  a bucket  elevator  will  be  installed  during 
1912-1913. 

rreparing  the  limestone.  The  limestone  is  used  for  lime,  dux,  con- 
crete, cement,  etc.  As  it  comes  from  the  quai’ry,  the  stone  is  ted  into 
a gyratory  crusher,  from  which  it  is  carried  by  a bucket  conveyor 
to  the  screens,  the  oversize,  being  recrushed.  From  the  screens  the 
limestone  to  be  used  for  certain  purposes  is  elevated  to  the  dryer 
and  from  this,  over  a grizzly  to  another  elevator,  which  empties  the 
stone  into  a jaw  crusher.  From  here  the  stone  passes  through  a set 
of  rolls,  and  the  limestone  to  be  further  pulverized  passes  through  a 
gyratory  crusher  and  finally  through  a tube-mill.  The  stone  is 
screened,  both  through  a revolving  screen  and  a grizzly.  It  is  con- 
veyed to  the  foi’mer  by  a bucket  conveyor  and  to  the  latter  by  a 
bucket  elevator.  The  crushed  stone  is  stored  in  wooden  bins,  the 
pulverized  material  in  steel  bins.  The  stone  is  shipped  to  markets 
in  New  York,  New  Jersey,  Pennsylvania  and  Maryland. 

Manufacture  of  lime.  The  lime  is  used  for  cement,  plaster,  mortar, 
glass  manufacture,  paper  manufacture,  general  chemical  use,  as  a 
water  softener,  and  as  a fertilizer.  There  are  14  kilns  in  operation, 
the  method  of  operation  being  similar  to  that  of  the  Keystone  Patent 
Flame  Kiln,  with  the  exception  that  the  cooling-cone  is  not  hung 
from  a steel  support.  It  is  built  compactly  and  attached  directly  to 
the  kiln,  acting,  in  a way,  as  the  partial  foundation  of  the  kiln.  Eight 
of  the  kilns  were  erected  between  the  years  1900  and  1910,  three  in 
1911  and  three  in  1912. 

Each  kiln  is  45  feet  in  height  from  the  bottom  of  the  cooling-cone 
to  the  top  of  the  charging-door.  Nine  of  the  kilns  are  11  feet  6 inches 
and  five  are  9 feet  4 inches,  outside  diameter.  Bituminous  coal 
(slack)  is  used,  and  is  burned  in  furnaces  situated  without  the 
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Plate  XVII.  Two  levels  of  the  quarry  of  Thomasville  Stone  and  Lime 
Co.,  of  Thomasville,  Pa. 
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A. 

Plate  XVIII.  Cross  and  horizontal-bedding,  in  the  quarry  of  L.  H. 
Alwine.  Spring  Grove,  Pa.  Along  the  tracks  of  the  P.  R.  R.  “York, 
Hanover  and  Frederick  Division.’’ 


B. 

Anticlinal  folding,  in  L.  H.  Alwine's  quarry.  Spring  Grove 
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kilns.  By  opening  draw-gates  the  lime  falls  into  steel  wheel-barrows. 
All  shipments  are  made  over  the  Western  Maryland  Bailroad  and 
other  lines,  to  markets  in  New  York  (middle),  Northern  Pennsylvania, 
and  other  points  in  eastern  United  States. 

Quarry  No.  15. 

The  quarry  of  James  March  is  located  on  the  property  of  the 
Sandusky-Portland  Cement  Co.,  of  York,  2|  miles  west  of  Y"ork,  1,500 
feet  north  of  the  “Y’ork,  Hanover  and  Frederick  Division”  of  the  Penn- 
sylvania Kailroad  and  750  feet  south  of  the  Western  Maryland  Rail- 
road. The  quarry  was  opened  during  1911,  is  of  the  pit  type  and  is 
120  feet  long,  10  teef  deep  and  05  feet  wide,  with  a clay  overburden. 
The  dip  is  50°  S.  E.,  and  the  strike  N.  00°  E.  Beds  of  gray-blue,  mas- 
sive, saccharoidal  limestone  and  compact,  gray-blue  limestone  are  ob- 
served. Calcite,  dolomite,  quartz  and  pyrite  are  sparingly  present  in 
the  limestone. 

Methods  of  quarrying.  Stripping  is  done  by  pick  and  shovel;  drill- 
ing by  a steam  drill ; a 40  per  cent,  dynamite  is  used  and  all  charges 
are  fired  by  fuse.  After  the  stone  has  been  quarried  it  is  loaded  on 
side-dump  steel  cars  and  hoisted  to  the  crusher  by  a 30  H.  P.  steam 
engine.  Atmospheric  evaporation  is  resorted  to. 

Preparing  the  limestone.  The  limestone  is  used  for  ballast,  ma- 
cadam and  concrete.  As  it  comes  from  the  quarry  it  is  charged  into 
a jaw  crusher,  operated  by  the  engine  used  to  operate  the  hoisting- 
drum.  From  the  crusher  the  stone  is  conveyed  to  the  screens  by  a 
bucket  conveyor,  and  is  screened  into  sizes  of  one-quarter  inch,  one 
inch,  two  inches  and  three  inches.  The  stone  is  then  stored  in  bins, 
from  which  it  is  discharged  into  wagons  or  carts  and  sent  to  local 
markets. 


Quarry  No.  16. 

L.  H.  Alwine’s  quarry  is  located  along  the  “York,  Hanover  and 
Frederick  Division”  of  the  Pennsylvania  Railroad,  approximately  one- 
half  mile  west  of  Spring  Grove,  Y^ork  County.  The  quarry  was 
opened  in  1862,  is  of  the  sidehill  type;  is  300  feet  in  length  and  28 
feet  in  heighth,  with  a clay  overburden.  The  dip  varies  from  5°  S. 
E.,  to  8°  S.  E.,  the  strike  from  N.  20°  W.,  to  N.  and  S.  Types  of 
stone  observed  are  dark-blue  and  gray-blue  massive,  compact  lime- 
stone, and  beds  of  shaly,  i)yritiferous  limestone.  Calcite,  dolomite, 
gypsum,  quartz,  fluorite,  serpentine,  pyrite  and  chalcopyrite  are  spar- 
ingly present. 

Methods  of  quarrying.  Stripping  is  done  by  a pick  and  shovel; 
steam  drilling  is  resorted  to.  A 40  per  cent,  dynamite  is  used  and  all 
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charges  are  fired  by  fuse.  The  stone,  after  being  quarried,  is  loaded 
on  carts  and  hauled  to  the  crusher.  Drainage  is  brought  about  by 
atmospheric  evaporation. 

Preparing  the  limestone.  The  limestone  is  used  for  concrete,  ma- 
cadam and  fertilizer.  As  the  stone  comes  from  the  quarry  it  is 
charged  into  a jaw  crusher,  the  finer  material  being  pulverized  in 
a pulverizer.  From  the  crusher  the  stone  is  carried,  by  a bucket 
conveyor  to  the  screens,  in  which  it  is  sorted  into  sizes  of  one-half 
inch,  three-quarters  inch  and  one  and  oiie-half  inch.  The  fine  ma- 
terial is  pulverized  to  sizes  less  than  one-quarter  inch  and  is  con- 
veyed to  a chute,  from  which  it  is  loaded  on  cars,  etc.  The  stone 
(crushed  to  sizes  larger  than  one-quarter  inch)  is  stored  in  bins,  from 
which  it  is  withdrawn  and  loaded  on  freight  cars,  Avagons  or  carts 
and  hauled  to  local  markets. 

OHAPTEE  III. 

Types  of  Limestone  and  Minerals  in  the  York  V alley  Limestone  Belt. 

This  belt  is  one  in  which  many  and  varied  types  of  limestone  occur. 
With  the  exception  of  one  or  tAVo  cases,  many  quarries  are  not  very 
uniform  in  texture,  color  or  composition.  Parts  of  the  same  bed  may 
vary  Avidely,  but  as  a rule  use  can  be  made  of  all  the  limestone,  eirher 
for  lime  or  for  macadamizing  purposes. 

Mention  is  made  in  report  C.,  of  the  Second  Pennsylvania  Geo- 
logical Survey  (1876)  of  the  folloAving  limestones: 

Bastard,  Auroral,  BeelePs,  Ball’s  Run,  Feigley,  York,  Conglomer- 
ate, Saccharoidal,  Dolomite,  ZiegleFs  and  Stalactitic. 

Of  these  the  conglomerate,  saccharoidal,  dolomite,  auroral  (a  term 
comprising  practically  all  of  the  limestones  in  this  district),  York 
and  Beeler’s  limestone  (very  much  related  to  the  present  “Intrafor- 
uiational  Conglomerate”  of  Walcott),  are  the  most  common. 

The  “Intraformational  Conglomerate”  of  Walcott  is  met  with  at 
many  places,  as  in  Detwiler’s  old  quarry,  North  of  Wrightsville; 
opposite  the  Post  Office  at  Wrightsville;  near  Stoner’s  station  along 
the  P.  E.  E.  York  Branch,  and  a short  distance  north,  in  an  aban- 
doned quarry  ( Stoner’s ) ; in  tlie  present  working  quarry  of  J.  A. 
Emig;  and  in  many  outcrops  between  Wrightsville  and  Hellam. 

The  “dolomitic”  limestone  of  Frazer,  Jr.,  occurs  in  many  places, 
throughout  the  belt,  as  in  the  quarries  of  B.  H.  Stoner,  York  Valley 
Lime  Co.,  and  L.  M.  Palmer  Lime  Co. 

The  “saccharoidal”  limestone  occurs  in  a feAv  places,  mainly  located 
betAveen  Wrightsville  and  Hellam.  From  the  former  to  the  latter 
locality,  a comparatively  wide  body  of  a shaly,  thinly-bedded,  pyri- 
tiferous  limestone,  can  be  traced. 
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Walcott’s  ‘■‘lutraformatio.ual  Conglomerate”  was  supposed,  by  Fra- 
zer, Jr.,  to  be  composed  of  “blue  (York)  limestone,  enveloping  white 
(older)  boulders  and  fragments  of  limestones.”  It  was  thought  that 
there  ‘'may  be  two  types  of  Aiiroral  limestone  (the  Y^ork  and  an  older 
one).” 

Character  of  Observed  Limestone. 

1.  Massive,  dirty-white  limestone,  with  much  dolomite,  in  patches. 
B.  F.  Beard’s  quarry,  W’'rightsville. 

2.  Massive,  blue,  compact,  fine-grained,  graphitic,  shaly,  pyritifer- 
ous.  B.  F.  Beard’s  quarry,  Wrights ville. 

3.  Massive,  gray,  coarse-grained,  crystalline  dolomite.  B.  F.  Beard’s 
quarry,  Wrightsville. 

4.  Massive,  compact,  blue  limestone,  with  much  grain  quartz. 
Abandoued  quarry  of  Stacey  and  Wilton,  Wrightsville. 

5.  Massive,  compact,  fine-grained  limestone.  Abandoned  quarry  of 
Detwiler,  S.  of  Creitz  Creek,  Wrightsville. 

G.  Gray,  saccharoidal,  dolomite.  Abandoned  quarry  of  Stacey  and 
Wilson,  Wrightsville. 

7.  Gray-blue,  massive,  limestone,  with  much  grain  quartz.  Same 
locality  as  No.  6.  N.  wall. 

8.  Gray,  crystalline,  saccharoidal,  containing  patches  of  dolomite. 
Same  locality  as  No.  6.  N.  wall. 

9.  Gray-blue,  shaly,  pyritiferous,  with  grain  quartz.  Same  locality 
as  No.  6.  N.  wall. 

10.  Impure,  shaly,  with  grain  quartz.  Same  locality  as  No.  G.  N. 
wall. 

11.  Dark-blue,  shaly,  pyritiferous  limestone.  Same  locality  as  No. 
G.  S.  wall. 

12.  Massive,  dark-blue,  compact,  fine-graiued,  limestone.  Outcrop 
along  the  road  from  Wrightsville  to  Accomac. 

13.  Gray,  compact,  fine-grained  limestone.  Same  locality  as  No.  12. 

14.  Gray-blue,  compact,  fine-graiued  limestone.  Outcrop  100  feet 
N.  of  locality  No.  12. 

15.  Dark-blue,  dolomitic  limestone,  with  patches  of  white,  coarse- 
grained, crystalline  dolomite.  Same  locality  as  No.  14. 

IG.  Blue,  coiupact,  shaly,  with  vein  calcite.  Outcrop  on  5th  St., 
Wrightsville  (N.  of  turnpike). 

17.  Gray-blue,  ferruginous,  ])yritiferous  aud  siliceous  limestoue. 
GOO  feet  N.  of  locality  No.  IG. 

18.  White,  massive,  compact,  with  black  bands.  700  feet  N.  of 
locality  No.  16. 

19.  Dark-blue,  conglomeratic  limestone.  Near  locality  No.  19. 

20.  Gray-blue,  massive,  with  quartz  grains.  Outcrop  along  road 
N.  from  first  toll  gate,  West  of  Wrightsville. 
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21.  Blue,  couipact,  siliceous,  with  patches  of  white  dolomite.  Same 
locality  as  No.  20.  Further  N. 

22.  Compact,  cream  colored,  crystalline  dolomite.  Same  as  locality. 
No.  20.  Further  N. 

23.  Compact,  dark-blue,  siliceous,  with  patches  of  dolomite.  Same 
locality  as  No.  20.  Further  N. 

24.  Compact,  massive,  white  marble,  with  streaks  of  dolomite.  Third 
road  W.  of  Wrightsville  and  N.  of  the  turnpike. 

25.  Shaly,  pyritiferous  limestone.  J.  A.  Emig’s  quarry,  Hellam. 

20.  Gray-blue,  crystalline,  saccharoidal  limestone.  Same  locality 

as  No.  25. 

27.  Gray-blue,  with  grain  quartz.  B.  H.  Stoner’s  quarry,  Hellam. 

28.  Pale,  gray-blue,  crystalline  limestone.  Same  locality  as  No.  27. 

29.  White,  crystalline  limestone.  Same  locality  as  No.  27. 

30.  Dark-blue-gray,  crystalline  limestone.  Same  locality  as  No.  27. 

31.  Very  compact,  tough,  graj^-blue  limestone.  Same  locality  as 
No.  27. 

32.  Mottled  and  banded  limestone.  Same  locality  as  No.  27. 

33.  Shaly,  j)yritiferous  limestone.  Same  locality  as  No.  27. 

34.  Massive,  dark-blue,  slightly  shaly.  York  Valley  Lime  Com- 
pany’s cj[uarry,  Hellam. 

35.  Banded,  wavy,  black  and  white.  Same  locality  as  No.  34. 

3G.  White,  compact,  crystalline.  Same  locality  as  No.  34. 

37.  4tlue-gray,  massive,  compact.  Same  locality  as  No.  34. 

38.  White,  saccharoidal  limestone.  Same  locality  as  No.  34. 

39.  Dark-blue,  compact,  massive,  pyritiferous.  2-|  miles  N.  E.  of 
York.  On  the  Vinegar  Ferry  Koad. 

40.  White,  saccharoidal,  with  patches  of  gray  dolomite.  Schum 
and  Kuhl’s  quarry.  York. 

41.  Surficial,  copper-bearing,  porous,  brown  to  yellow,  with  vein 
of  iron  ore.  Same  locality  as  No.  40. 

42.  Cream,  massive,  coarse-grained  dolomite.  Ebert’s  Lane,  near 
the  P.  R.  R.,  York  Branch,  E.  York. 

43.  Gray-blue,  massive,  compact,  crystalline.  Ebert  and  Hake’s 
ciuarry,  York. 

44.  Massive,  blue  limestone,  breaking  with  a conchoidal  fracture. 
Same  locality  as  No.  43. 

45.  Blue,  shaly,  massive,  compact,  with  grain  quartz.  Abandoned 
quarry  of  J.  H.  Longstreet,  Y^ork. 

46.  Gray-blue,  compact,  with  grain  quartz.  C.  E.  Miller’s  quarry, 
York. 

47.  Gray-blue,  shaly,  pyritiferous,  with  vein  calcite.  Same  locality 
as  No.  46. 

48.  White,  compact  marble.  P.  S.  Burgard’s  quarries,  York,  R.  F. 
D.  No.  10. 
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4i).  Fink,  coinpacl  tuarble,  wiih  some  dolomite  tilling.  Same  lo- 
cal ity  as  No.  48. 

50.  Pisolitic  limestone  set  in  a base  of  red,  sbaly  day.  Same  lo- 
cality as  No.  48. 

51.  Fine-grained,  compact,  saccbaroidal,  with  patches  of  dolomite. 
'.Same  locality  as  No.  48. 

52.  Compact,  fine-grained,  marble,  with  patches  or  red  clay  and 
dolomite.  Same  locality  as  No.  48. 

53.  Compact,  oolitic,  massive,  gray  in  color.  Same  locality  as 
No.  48. 

54.  Massive,  compact,  white  limestone.  Same  locality  as  No.  48. 

55.  Massive,  compact,  gray  limestone.  Same  locality  as  No.  48. 

5G.  White,  massive,  saccbaroidal,  showing  contact  with  red  clay. 

Same  locality  as  No.  48. 

57.  Shaly,  alternate  bands  of  calcite  and  dolomite.  Emigsville 
Quarry  Company,  quarry,  Emigsville. 

58.  Massive,  compact,  blue-gray,  saccbaroidal  limestone.  Same  lo- 
cality as  No.  57. 

59.  Massive,  compact,  shaly  limestone.  Same  locality  as  No.  57. 

GO.  Massive,  gray,  crystalline,  with  fluorite  and  dolomite.  Same 

locality  as  No.  57. 

Gl.  Blue,  graphitic,  alternating  light  and  dark-blue.  Union  Stone 
Company’s  quarry.  New  Holland,  York  County. 

62.  Massive,  compact,  blue  limestone.  Same  locality  as  No.  61. 

63.  Dark-blue,  compact,  shaly,  pyritiferous.  2-|  miles  S.  E.  of 
Emigsville.  On  Rudy’s  Mill  Road. 

64.  Dark,  gray-blue,  massive,  compact,  very  pure,  limestone.  Rudy’s 
quarry,  2|-  miles  S.  E.  of  Emigsville. 

65.  Brown,  shaly,  siliceous,  pyritferous  limestone,  schistose.  Milk 
Factory  Road,  near  N.  George  St.,  Ext.,  York. 

66.  Gray,  doloniitic  limestone.  Outcrop  on  road  leading  from  the 
Board  Road  to  the  Bull  Road. 

67.  Gray,  pisolitic  dolomite.  Same  locality  as  No.  66. 

68.  Gray,  compact,  tough,  crystalline  limestone.  York  Stone  and 
Supply  Company’s  quarry,  York. 

69.  Massive,  gray,  tough,  compact,  fractured  limestone.  Same  lo- 
cality as  No.  68. 

70.  Very  fine-grained,  dark-blue  limestone,  with  fluorite  and  vein 
calcite.  Same  locality  as  No.  68. 

71.  White,  compact,  fine-grained  limestone,  L.  M.  Palmer  Com- 
pany’s quarry,  Smyser’s  Station,  York. 

72.  Gray,  massive  dolomite.  Same  locality  as  No.  71. 

73.  Fine-grained,  massive,  compact,  blue  limestone.  Same  locality 
as  No.  71. 
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74.  White,  <uid  blue,  massive,  compact  limestone,  with  dolomite 
patches.  Same  locality  as  No.  71. 

75.  Massive,  compact,  dark-blue,  limestone.  Emits  a metallic 
sound  when  struck.  Cunningham’s  quarry,  W.  York. 

70.  Compact,  massive,  gray,  mottled  limestone.  Same  locality  as 
No.  75. 

77.  Massive,  gray,  crystalline  limestone.  Same  locality  as  No.  75. 

78.  Massive,  blue-gray  limestone.  Same  locality  as  No.  75. 

79.  Massive,  pure- white,  compact,  crystalline  limestone.  Same  lo- 
cality as  No.  75. 

80.  Massive,  pure-white,  and  crystalline  limestone.  Thomasville 
Stone  and  Lime  Company’s  quarry,  Thomasville. 

81.  Massive,  compact,  pale  rose  marble.  Same  locality  as  No.  80. 

82.  Massive,  gray-blue,  compact,  crystalline  limestone.  Same  lo- 
cality as  No.  80. 

83.  Massive,  pisolitic,  graj',  compact.  Same  locality  as  No.  80. 

84.  Massive,  gray-blue  limestone.  Same  locality  as  No.  80. 

85.  Compact,  dirty-white,  dolomitic  limestone.  At  contact  between 
limfestone  and  shale.  3-|-  miles  W.  of  York.  400  feet  S.  of  Bricklyn 
Sta.,  W.  M.  E.  E. 

80.  Comi)act,  banded  gray  and  blue-gray,  pyritiferous.  Contact 
with  the  Stony  Brook  dike. 

87.  Conglomeratic,  gray  and  blue  patches,  some  shaly.  Abandoned 
quarry  of  E.  Stoner,  near  Stoner’s  Sta. 

88.  Compact,  gray,  fractured  dolomite.  W.  M.  E.  E.  “cut”  near 
Bricklyn. 

89.  Compact,  gray,  fractured,  dolomitic  and  high  calcium.  Inter- 
section of  Bull  Eoad  and  Foust-town  Eoad,  3-|  miles  N.  of  York. 

90.  Gray,  compact,  high  calcium  limestone.  W.  M.  E.  E.  “cut” 

1,700  feet  S.  of  Thomasville  Stone  and  Lime  Co.  | 

91.  Graj'^-blue,  compact,  high  calcium  limestone.  2 miles  N.  W. 
of  Hanover. 

MINEEALS  OBSEEVED  IN  LIMESTONES. 

Many  minerals  are  found  in  the  York  Valley  Limestone  Belt  which 
are  identical  with  most  of  those  found  in  other  sedimentary  deposits 
of  limestone.  The  minerals  here  described  have  been  observed  in  and 
collected  from  the  quarries  operated  at  the  j) resent  time. 

NAT  I VE  ELEMENT. 

Graphite,  C. 

Impure  carbon.  This  mineral  has  frequently  been  observed  in 
limestone  that  show  a high  pyrite  and  silica-bearing  content.  It  oc- 
curs (a)  as  a very  thin  film,  possessing  the  characteristic  blackish, 
lead-gray  color,  metallic  lustre  and  greasy  and  nnctuous  feel  to  the 
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touch.  Upon  being  drawn  over  a sheet  of  wliite  paper,  the  black 
streak  remains. 

Graphitic  carbon  (b)  has  also  been  found  in  many  of  the  dark-blue 
limestones.  This  can  be  seen  by  dissolving  the  limestone  in  dilute 
hydrochloric  acid,  when  a black  scum  will  be  seen  to  float  upon  the 
surface  of  the  liquid.  Upon  further  treatment,  this  scum  is  found 
to  be  graphitic  carbon. 

Variety  (a)  is  found  chiefly  in  the  quarrias  of  B.  H.  Stoner  and  the 
York  Valley  Lime  Company. 

Variety  fb)  is  common  in  the  quai*ries  of  the  York  Valley  Lime 
Company,  York  Stone  and  Supply  Company,  and  Cunningham 
Brothers. 

SULPHIDES. 

Galena  PbS. 

As  is  invariably  the  case  in  all  sedimentary  limestone  deposits, 
this  mineral  is  found  sparingly  throughout  the  district.  No  crystals 
have  been  observed,  but  numerous  cleavage  fragments  encrusting 
minute  cavities  in  the  limestone,  are  of  common  occurrence. 

Galena  is  a sulphide  of  lead ; when  pure,  is  composed  of  Sfi.lJ  per 
cent,  of  lead  and  1.3.4  per  cent,  sulphur.  It  is  very  heavy,  possesses 
a lead-gray  color  and  streak  and  when  it  is  struck  by  a hammer, 
breaks  into  cubes,  showing  its  characteristic  cubic  cleavage.  It  is 
soft,  but  harder  than  the  limestone.  It  occurs  in  the  quarries  of  the 
York  Valley  Lime  Company,  L.  M.  Palmer  Lime  Co.,  and  the  Yor-k 
Stone  and  Supply  Company. 

Sphalerite.  ZnS. 

Associated  with  galena,  is  the  sulphide  of  zinc  or  sphalerite,  con- 
taining, when  pure,  67  per  cent,  of  zinc  and  33  per  cent,  of  sulphur. 
Locally,  this  mineral  varies  in  color  from  a ])ale  lemon-yellow  to  a 
deep  brown,  almost  blackish-brown.  It  occurs  in  cleavage  frag- 
ments only,  and  is  about  as  hard  as  galena.  A distinguishing  fea- 
ture is  its  resinous  lustre. 

TIius  far  the  mineral  has  been  found  in  fhe  following  quarries: 
B.  n.  Stoner,  York  Valley  Lime  Company,  Emigsville  Quarry  Com- 
pany, Union  Stone  Company,  York  Stone  and  Supply  Company,  L. 
M.  Palmer  Lime  Co.,  and  Cunningham  Brothers. 

Chalcopyrite.  CuFeSo. 

Minute  .tetrahedral  crystals  of  chalcopyrite  have  been  observed 
and  are  especially  noticeable  in  certain  quarries.  They  occur  as  te- 
trahedra  forming  interior  cores  of  calcite  crystals;  or  scattered 
throughout  veins  of  crystalline  calcite.  associated  with  pyrite,  fluorite, 

hematite  and  quartz. 


108 


TOPOGRAPHIC  AND  GEOLOGIC  SURVEY. 


The  color  of  clialcopyrile  is  brass-yellow,  invariably  tarnishing  to 
an  iridescent  blnish-brouze  color.  Found  in  the  following  quarries: 
Beard,  Stonei-,  York  Valley  Lime  Company,  Ebert,  Miller,  Schum, 
Emigsville  Quarry  Company,  Union  Stone  Company,  York  Stone  and 
Supply  Company,  L.  M.  Palmer,  Cunningham  Brothers  and  Alwine. 


Pyrite.  FeS,. 

Possesses  a bright-yellow  color,  with  a metallic  lustre.  Its  powder 
is  greenish  brass-yellow  in  color.  When  struck  by  a hammer,  pyrite' 
emits  the  odor  of  sulphur  dioxide.  When  pure  it  contains  46.6  per 
cent  of  iron  and  53.4  per  cent,  of  sulphur.  Usually  occnrs  as  minute 
striated  cubes,  pentagonal  dodecahedrons,  or  combinations  of  these 
with  other  forms.  Sometimes  the  cubes  are  perfectly  formed ; again 
they  are  flattened,  elongated  and  curved.  Pyrite  is  fairly  hard,  and, 
when  heated  to  a red  heat,  burns  by  the  combustion  of  the  sulphur 
present  in  the  mineral.  Often  occurs,  altered  to  limonite  (limonite 
pseuomorphs  after  pyrite).  Many  calcite  crystals  contain  inclusions 
of  pyrite.  The  elongated,  curved  and  flattened  crystals  are  abundant 
in  the  quarry  of  J.  H.  Longstreet.  l\yrite  occurs  in  every  quarry 
visited. 


Marcasite.  FeSg. 

Similar  to  pyrite,  but  crystallizing  in  the  orthorhonilflc  system. 
Occurs  ( ?)  as  minute  crystals,  included  in  calcite  cry.stals,  at  the 
M.  Palmer  Lime  Company’s  quarry. 

HALOIDS. 

Fluorite.  CaF,. 

Fluorite  or  tluospar,  is  a common  associate  of  calcite  and  dolomite- 
in  many  quarries  throughout  this  district.  It  is  a fluoride  of  calcium 
and  varies  in  color  from  white  to  deep  purple,  with  various  shades  of 
yellow,  red,  violet  and  green.  Locally,  the  color  is  invariably  violet 
or  purple.  No  distinct  crystals  have  been  found,  the  most  of  the 
specimens  showing  cleavage  only.  At  one  quarry  numerous  im- 
perfectly-formed cubes,  modified  by  other  cubes,  were  found,  the  faces 
of  each  cube  being  striated. 

This  mineral  has  been  found  in  the  folloAving  quarries:  R F7 
Beard,  York  Valley  Lime  Company;  Ebert  & Hake,  Emigsville  Quarry 
Company;  Union  Lime  Company;  York  Stone  & Supply  Company; 
L.  M.  Palmer  Lime  Company;  Cunningham  Brothers  and  Alwine. 
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OXIDES. 

(Quartz.  SiOo. 

An  oxide  of  silicon  and  a mineral  common  to  all  of  the  local 
quarries.  Found  in  the  form  of  small  grains,  or  in  sim])le  and  modi- 
fied crystals  of  hexagonal  habit.  Grain  quartz  is  primary  while  the 
secondary  quartz  is  represented  by  the  crystals.  (See  petrographic 
tests,  under  Chapter  4).  Quartz  is  sufficiently  hard  to  scratch  steel, 
but  is  a trifle  lighter  in  weight  than  limestone.  It  is  often  colorless 
and  transparent.  The  presence  of  quartz  can  readily  be  determined 
by  dissolving  the  limestone  in  dilute  hydrochloric  acid. 

Found  in  every  quarry  in  the  district. 

Hematite.  Fe.O.,. 

The  red,  anhydrous  oxide  of  iron,  containing  70  per  cent,  of  iron  and 
30  per  cent,  of  oxygen  when  pure.  Usually  occurs  as  a red  incrust- 
ation on  calcite  crystals : as  a red  stain  on  limestone,  and  filling 
small  vugs  or  cavities  in  the  limestone.  Hematite  is  distinguished 
by  its  red  color  and  streak  (powder). 

It  has  been  observed  in  the  quarries  of  B.  F.  Beard,  B.  H.  Stoner, 
Schum  and  Euhl,  Burgard,  Union  Stone  Company,  York  Stone  & 
Supply  Company  and  L.  M.  Palmer  Lime  Company. 

Limonite.  2Fe2033H20. 

This  is  the  hydrated  oxide  of  iron,  brown  iu  color  and  streak- 
Upon  heating  a fragment  of  the  mineral  in  a test  tube,  water  will 
condense,  showing  that  water  of  constitution  is  present.  Limonite' 
is  very  widely  distributed  (the  brown  stain  on  all  rocks  being  aus 
alteration  product  of  pyrite.  It  occurs  as  a stain  on  the  limestone, 
in  veins  and  as  pseudomorphs  after  pyrite.  Much  of  the  limestone 
o))served  in  the  quarries  is  the  result  of  superficial  alteration  and  in 
one  case  a 1-^  inch  thick  surface-vein,  a few  feet  in  length,  was  ob- 
served. Malachite  accompanied  the  limonite.  This  vein  occurs  in 
the  quarry  of  Schum  and  Euhl.  In  all  other  quarries  limonite  occurs 
as  a stain  or  as  pyrite-pseudomorphs. 

CAEBONATES. 

Calcite.  CaCOg. 

The  most  widely  distributed  mineral  in  the  local  quarries,  con- 
taining, when  pure,  5G  per  cent,  of  lime  and  44  per  cent,  of  carbon 
dioxide;  found  in  crystalline  and  massive  cleavage  forms.  About 
125  different  crystal  forms  have  been  found,  some  of  these  being 
of  great  beauty  and  complexity  in  outline. 
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Iceland  spar  (clear,  flawless,  transparent  calcite)  occurs  in  a few 
quarries.  Other  common  colors  are  brown,  yellow  and  gray.  Some 
of  the  calcite  specimens  are  banded  (alternate  brown  and  gray) ; 
some  black  and  red  bands  (corbonaceons  and  ferrugiuous  matter) 
and  others  clouded.  Many  crystals  contain  inclusions  of  pyrite, 
marcasite,  chalcopyrite  and  malachite.  Under  a lens,  very  minute 
pyrite  crystals  can  be  seen  to  lie  in  the  same  x^lane  as  the  crystal- 
lographic axes.  Calcite  is  pure  carbonate  of  lime  and  is  soft,  easily 
scratched  by  a knife-blade;  lias  a white  streak  and  a rhombohedral 
cleavage,  breaking  into  rhombs  ni)on  being  struck  a blow  with  some 
hard  object. 

The  commonest  tyjtes  of  crystalline  calcite  are  known  as  “dog- 
tooth” spar  and  “nail-head”  a spar,  but  there  are  many  modifications 
of  these  as  well  as  other  types.  Twin  crystals  are  very  common. 

Pine  calcite  crystals  are  to  be  found  in  the  following  quarries: 
fwin  c^3^stals  in  the  quarries  of  Schum  and  Euhl,  Union  Stone  Com- 
pany, L.  M.  Palmer  Lime  Company  and  York  Stone  & Supply  Com- 
]iany,  other  types  are  found  in  the  quarries  of  C.  E.  Miller,  Emigsville 
Quarry  Comiiauy.  Thomasville  Stone  & Lime  Company,  Alwine,  Cun- 
ningham Brothers. 

Dolomite.  (CaMg)  CO3. 

Commonly  associated  with  calcite  and  is  a double  carbonate  of 
magnesia  and  lime,  occuring  as  curved  rhombohedra  or,  locally  as 
“saddle-shaped”  crystals.  Many  magnificent  groups  of  these  crystals 
have  been  found  and  they  are  usually  white  or  cream  colored.  Ocas- 
sionally  xtink  cleavage  specimens  are  observed.  Dolomite  is  a trifle 
harder  than  calcite  and  its  most  distinctive  feature  is  its  insolubility 
in  cold  hydi’ochloric  acid  (calcite  being  soluble).  When  in  massive 
form  it  can  readily  distinguished  by  its  usual  coarse-grained,  curved 
cleavage  plates.  Massive  dolomite  is  heavier  than  calcite. 

“Saddle-shaped”  crystals  have  been  observed  in  two  quarries  only, 
viz:  The  York  Stone  & Supply  Co.  and  Cunningham’s  quarry,  in 
both  instances  associated  with  dark-blue  limestones.  Curved  rhombs 
are  common  in  the  following  quarries:  Beard,  York  Valley  Lime 
Company,  Emigsville  Quarry  Company,  York  Stone  & Supply  Com- 
I)a.ny,  L.  ]\f.  Palmer  Lime  Company,  Cunningham  Brothers,  Thomas- 
ville Stone  & Lime  Co.  and  Alwine. 

Ankerite.  (Ca,  Mg,  Fe,  Mn)  CO3. 

A dark  broAvn  mineral,  crystallizing  in  curved  rhombohedra,  similar 
to  dolomite.  Occurs  in  two  quarries,  Schum  and  Buhl  and  Union 
Stone  Company. 
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Sidei-ite.  FeCOg. 

A brown  mineral  with  rliombobedral  cleavage  and  similar  to  calcite. 
Occurs  in  the  quarries  of  Sebum  and  Eulil  and  Union  Stone  Com- 
pany. 

Aragonite.  CaCOg. 

Similar  to  calcite  in  composition,  but  crystallizes  in  the  ortho- 
rhombic system.  Occurs  as  white,  elongated  cleavage  fragments  in 
the  Union  Stone  Company’s  quarry. 

Malachite.  2CUCO3CU  (OH),. 

The  green  hydrated  oxide  and  carbonate  of  copper.  Occurs  as 
minute  crystals ; in  cavities  in  a limonite  vein  in  the  quarry  of  Schum 
and  Euhl;  and  as  tufts  (alteration  of  chalcopyrite)  in  the  quarries  of 
the  York  Stone  & Supply  Company,  L.  M.  Palmer  Lime  Company  and 
Cunningham  Brothers. 


SILICATES. 

Asbestus  CaMg3Si40i2- 

The  amphibole  variety  of  asbestus  has  been  found  as  minute  fibres 
on  the  slickensided  surface  of  limestone  in  the  quarry  of  the  Emigs- 
ville  Quarry  Company. 

Chlorite.  H4o(FeiMg)23  Alj^SiigOno. 

Occurs  as  an  alteration  product  in  regions  of  metamorphic  activity. 
Observed  in  many  quarries. 

Serpentine.  H^MggSigOn-. 

Accompanying  high  magnesian  limestones.  The  result  of  meto- 
morphic  activity.  Green  to  brown  in  color.  Often  occurs  on  the 
slickensided  surfaces  of  the  limestone.  Found  in  many  quarries, 
especially  abundant  in  the  quarry  of  the  York  Stone  & Supply  Com- 
pany. 

Talc.  HgMggSi^Oi,- 

Of  rarer  occurence  than  serpentine.  Gray  to  green  in  color. 
Greasy  lustre  and  unstuous  to  the  touch.  Observed  in  the  quarry  of 
the  York  Stone  & Supply  Company. 

NITEATES. 

Nitro-calcite  Ca  (NOg),. 

Occurs  as  an  incrustation  of  limestone,  at  the  mouth  of  cavernous 
fissures.  Observed  in  the  quarries  of  Schum  and  Euhl  and  Cunning- 
ham Brothers. 
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SULPHATES. 

Barite.  BaS04. 

Occurs  in  orthorhombic  crystals  of  varied  modifications.  The  color 
varies  from  wine-yellow  to  deep  orange-brown.  It  is  known  as  “heavy' 
spar”  owing  to  its  high  specific  gravity.  A few  beautiful  clusters  or 
rosette-like  groups  of  crystals  were  collected  at  the  quarry  of  the  L. 
M.  Palmer  Lime  Company.  Some  broken  fragments  of  crystals, 
wine-yellow  in  color,  were  also  found  here.  Doubly  terminated  crys- 
tals of  barite,  transparent  and  lemon-yellow  in  color,  were  collected 
at  the  quarry  of  Cunningham  Brothers. 

Gypsum.  CaS042H20. 

Gypsum  is  the  hydrous  sulphate  of  lime,  sparingly  present  in  this 
district.  It  occurs  at  two  quarries,  the  York  Stone  and  Supply  Com- 
pany and  Alwine’s.  It  has  not  been  found  locally  in  crystalline  form 
but  only  as  cleavage  fragments,  colorless  and  very  soft.  It  has  a 
perfect  lustre  which  is  a distinguivshing  characteristic.  When  heated 
in  a closed  tube,  it  evolves  its  water  of  crystallization  and  is  converted 
into  a white  powder,  known  as  “plaster  of  Paris”  or  “dead  burned” 
gypsum. 


CHAPTER  IV. 

Chemical  Analyses,  Physical  and  Petrogi'aphical  Tests. 

This  chapter  includes  chemical  analyses  of  limestones,  limes  and 
a hydrate;  petrographical  and  road  tests  on  limestones,  and  petro- 
graithical  tests  on  “trap.”  A chemical  analysis  was  made  of  each 
economically  important  limestone  quarried,  as  well  as  each  lime  and 
a hydrate  resulting  from  the  limestone.  The  analyses  were  made 
under  the  direction  of  Professor  Alexander  Silverman,  in  the  Chemi- 
cal Laboratories  of  the  University  of  Pittsburgh.  Other  analyses  are 
tabulated  for  comparison. 

Petrographic  characters  of  limestone  and  “trap”  were  determined 
by  the  writer  under  direction  of  Mr.  H.  N.  Eaton,  Instructor  in  petro- 
graphy in  the  Petrographical  Laboratory  of  the  University  of  Pitts- 
burgh. 

All  road  tests  were  made  by  ]\[r.  L.  W.  Page  of  the  Bureau  of  Pub- 
lic Roads,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Microscopic  sections  were  made  by  W.  Harold  Tomlinson  of 
Swarthmore,  Pa. 

For  convenience,  the  quarries,  the  location  of  each  and  the  products 
manufactured  at  the  quarries  and  their  associated  plants  are  shown 
in  the  following  table: 
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No. 

Product. 

Name  of  Quarry  or  Plant. 

Location. 

1. 

2. 

B Frank  Beard, — 

Wrightsville, 

3. 

Hellam. 

4. 

5. 

John  Schum  and  Geo.  A.  Ruhl,  

York. 

6. 

H.  S.  Ebert  and  A.  M.  Hake,  — 

7. 

8. 

P.  S.  Burgard  (C  E.  Kottcamp)  

York,  R.  P.  D. 

9. 

Lime,  limestone,  

Emigsville  Quary  Co 

Emigsville. 

10. 

Union  Stone  Co.,  - 

Kew  Holland. 

11. 

York  Stone  and  Supply  Co.,  — 

York. 

12. 

Lime  limestone,  

L.  M.  Palmer  Lime  Co.,  

Smyser’s  Station. 

13. 

T..  T>.  ?jnd  W.  A niinningham, 

Smyser’s  Station. 

14. 

ThoTTinfivnllft  StnnA  nnd  T.imp  Or>., 

Thomasville. 

15. 

TlmpsitnTiA 

■James  March 

Smyser’s  Station. 

16. 

Spring  Groye. 

Method  of  Analysis. 

The  method  of  analysis  employed  in  the  “Portland  Cement  In- 
dustry” and  compiled  from  a paper,  entitled  “Method  Suggested  for 
the  Analysis  of  Limestone,  Eaw  Mixtures  and  Portland  Cements,  by 
the  Committee  on  Uniformity  in  Technical  Analysis,  with  the  advice 
of  W.  F.  Hillebrand,”  was  used. 

The  following  atomic  weights  were  used  as  publislied  in  the 
Journal  of  the  American  Chemical  Society,  November,  1911: 


Aluminum,  27.1 

Calcium,  40.07 

Carbon,  12.00 

Hydrogen,  1.008 

Iron,  55.84 

Magnesium,  24.32 

Oxygen,  16.00 

Phosphorous,  31.04 

Silicon,  28.30 


Solution. 

One-half  gram,  all  of  which  passed  through  a 100  mesh  sieve,  was 
strongly  ignited  in  a platinum  crucible  for  15  minutes.  It  was  then 
transferred  to  a porcelain  evaporating  dish,  moistened  with  water 
and  10  cc.  cone.  HCl  (or  a mixture  of  lOcc.  water  and  lOcc.  HCl. 
The  moistened  mass  was  then  digested  at  a gentle  heat  and  finally 
evaporated  to  dryness  on  an  air-bath. 

SiOo. 

The  residue  was  treated  with  lOcc.  of  a mixture  of  water  and  HCl 
(1:1) ; the  dish  was  covered  and  the  solution  digested  on  the  batli  for 
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10  minutes.  After  this  the  solution  was  filtered  and  the  precipitate 
thoroughly  washed  with  water.  The  filtrate  was  re-evaporated  and 
dried,  moistened  with  lOcc.  (1:1)  of  a mixture  of  water  and  HOI, 
and  again  filtered.  Both  precipitates  were  added,  placed  in  a weighed 
platinum  crucible,  dried,  the  paper  burned  off  in  a Bunsen-burner 
flame,  and  finally  blasted  for  16  minutes,  weighed  again,  blasted  for 
10  minutes,  weighed  and  checked. 

AlgOg  and  FejOg. 

Alumina  and  iron  oxide  were  not  determined  separately. 

The  filtrate  was  made  alkaline  with  NH4OH,  after  adding  lOcc. 
cone.  HCl.  It  was  then  boiled  to  expel  the  excess  of  NH4OH  and  al- 
lowed to  settle,  washed  once  by  decantation  and  slightly  so  on  the 
filter.  Setting  aside  the  filtrate,  the  precipitate  was  dissolved  in  hot, 
dilute  (1:1)  HCl  and  the  solution  passed  into  the  beaker  in  which 
the  precipitation  was  made.  NH4OH  was  added,  the  solution  boiled, 
and  the  precipitate  collected  on  the  same  filter.  Then  the  precipitate 
and  filter  were  placed  in  a weighed  platinum  crucible,  the  paper 
burned  off,  ignited  and  blasted  for  5 minutes  (with  care  to  prevent 
reduction),  cooled  and  weighed  as  AhOg  and  FegOg. 


CaO 

A few  drops  of  NH4OH  were  added  to  the  filtrate,  which  was  then 
boiled.  To  the  boiling  solution,  was  added  20cc.  of  a saturated  solu- 
tion of  (NH)2C204.  The  solution  was  boiled  until  the  CaC204  as- 
sumed a well-defined  granular  form.  This  was  allowed  to  setiie  for 
20  minutes,  filtered  and  washed,  then  placed  in  a platinum  crucible, 
the  paper  burned  with  a Bunsen-burner  flame.  The  precipitate  was 
ignited,  redissolved  in  HCl,  diluted  to  lOOcc  with  water;  to  it  was 
added  a slight  excess  of  NH4OH,  after  which  it  was  boiled  and  then 
reprecipitated  by  20cc.  (NH)2C204,  allowed  to  stand,  settle,  then 

filtered  and  washed.  It  was  then  ignited  and  blasted  and  weighed 
as  CaO. 

y 

MgO. 

The  filtrate  was  acidified  with  HCl  and  boiled,  then  concentrated 
to  150(  To  it  was  added,  lOcc.  of  a saturated  solution  of  Na 
(NH)4  . IT.PO4,  and  the  solution  was  boiled  for  10  minutes  and  cooled 
with  cold  water.  To  it  was  added,  drop  by  drop,  NH4OH  with  con- 
stant stirring,  until  the  precipitate  formed  and  then  an  excess  of 
NH4OH.  The  precipitate  was  stirred  for  several  minutes  and  allowed 
to  set  for  12  hours  in  a cool  atmosphere,  and  filtered.  The  precipitate 
was  filtered,  ignited,  cooled  and  weighed  as  MgjPgO^. 
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Factors. 


Factors. 

CaO  in  CaCOs.  66  03  % 

CO  in  CaCOa,  43.97  % 

MgO  in  MgCOa,  47.818% 

CO  in  MgCOa - 52.181% 

MgO  in  MgaPaOt,  - — 36.206% 

Fe  in  FeaOa,  69.939% 


Note;— Chemical  analyses  of  many  of  the  limestones  in  this  distriet  show  a residue  re- 
maining upgn  dissolving  limestone  in  hydrochloric  acid,  which  residue  is  composed  chiefly 
of  silica,  with  aluminum  silicates,  magnesium  silicates,  and  iron  silicates.  In  many  instances, 
however,  a black  scum  floats  upon  the  surface  of  the  solution,  which,  upon  being  filtered  oif 
and  ignited,  is  almost  wholly  volatile,  proving  it  to  be  grapliitic  carbon,  possibly  resulting 
from  animal  remains,  but  more  likely  from  metamorphic  action,  this  limestone  occurring  in 
regions  of  metamorphic  activity. 


Chemical  Analyses  of  the  Limestones  Quarried. 


Quarry  Ao.  1.  B.  Frank  Beard,  Wrightsvilie. 


1(a) 

2 (b) 

3 (C) 

4 (a) 

5(b) 

6 (C) 

95.29 

94.53 

65.14 

97.10 

93.32 

3.32 

1 3.10 

92.21 

7.10 

I 0.28 

3.18 

32.74 

1 0.44 

( 1.80 

MgO  ' 

0.92 

0.64 

0.43 

0.49 

0.32 

0.26 

1.52 

" 

0.14 

0.20 

96.64 

100.00 

99.98 

98.06 

100.00 

99.79 

1,  2.— White  limestone,  massive  compact  and  fine-grained. 

3.— Gray  doiomite,  tough,  massive,  coarse-grained. 

4,  5,  6. — Gray  limestone,  massive,  compact  and  fine-grained. 

(a)  M.  S.  McDowell,  analyst.  State  College.  Pa.,  1896. 

(b)  H.  J.  Patterson,  analyst.  State  Chemist  of  Md.,  College  Park,  Md. 

(c)  M.  L.  Jandorf,  analyst,  Dniv.  of  Pittsburgh,  Pittsburgh,  1912. 


Quarry  A^o.  2.  John  A.  Emig,  Hellam. 


1(a) 

2 (b) 

97.53 

0.94 

1 0.18 

97.16 
2.86 
[ 0.24 

MgCOs,  - - .... 

T'e20s,  - - ...... 

Tnsnl.,  - ...  . 

0.68 

0.25 

Total 

99.33 

100.51 

1,  2.— Gray  limestone,  massive,  compact,  medium-grained. 

(a)  Name  of  analyst  not  given. 

(b)  M.  L.  Jandorf,  analyst,  Unlv.  of  Pittiburgh,  Pittsburgh,  1912. 
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Quarry  No.  :3.  Benjamin  H.  Stoner,  Hellam. 


1(a) 

2(a) 

3 (a) 

4(b) 

5(b) 

6(b) 

CaCOs  - 

MjrnOQ 

99.22 

0.35 

0.24 

98.63 
0.22 
r - 0.65 

63.90 

33.00 

1 0.54 

96.34 
2.77 
r 0.54 

95.35 
3.14 
f 0.16 

95.41 

4.30 

f 0.22 

AloOl 

Ee203,  

s,  

XiO-> 

0.19 
(e)  tr 

0.50 

(c)0.20 

2.08 

(C)0.43 

0.10 

0.18 

0.28 

Insol,  

(d)0.97 

100.00 

100.00 

100.00 

100.35 

99.90 

100.21 

1. — “Good  stone” — gray-blue,  massive,  compact,  crystalline. 

2. — “Top  rock”— blue-gray,  massive,  compact,  crystalline. 

3.  — “Black”— blue-black,  massive,  shaly,  high  in  magnesia  iron  and  silica. 

4. — “Blue  stone  from  the  surface,  coarsely  crystalline. 

5. — “Gray  No.  1”— gray,  massive,  compact,  crystalline. 

6.  — “Gray  No.  2” — gray,  massive,  compact,  crystalline. 

a.  C.  H.  Ehrenfeld,  Ph.  D.,  analyst,  2-ll-’e8.  Tork. 

b.  M.  L.  Jandorf,  analyst,  Univ.  of  Pittsburgh,  Pittsburgh,  1912. 

c.  Insoluble  here,  includes  combustible  matter. 

d.  Ignition  includes  water  (“quarry  water”). 


Quarry  No.  4.  York  Valley  Lime  Co.,  Hellam. 


1(a) 

2 (b) 

3 (c) 

4(d) 

6 (e) 

6 (e) 

7 (e) 

8 (e) 

CaCOs  

98.07 

97.67 

98.00 

89.72 

98.48 

84.70 

95.41 

95.81 

MgCiOs,  

1.41 

1.72 

1.51 

4.60 

0.32 

12.64 

1.82 

2.54 

AlsOs.  - 

f 0.15 

f 0.16 

r 0.05 

1.57 

r 0.56 

f 1.12 

f 1.88 

r 0.28 

1 

[ 

0.56 

[ 

1 

[ 

( 

SiOs  ■ 

0.23 

0.23 

0.37 

1.58 

0.62 

1.86 

0.62 

1.88 

NnoO 

0.88 

¥oO 

0.53 

PoOk 

0.27 

0.20 

■WoH  niOrtP.  ^ 

0.22 

TToO  nfV  P ^ 

4.26 

Total.  

99.86 

99.78 

99.93 

99.91 

99.98 

100.32 

99.73 

100.51 

1,  2,  S.— Sample  taken  from  the  entire  quarry. 

4.  —Sample  taken  from  the  entire  quarry  in  1910. 

5.  —White  limestone,  massive,  compact,  saccharoidal,  fine-grained. 

6.  — (3ray-blue  limestone,  massive,  compact,  fine-grained. 

7.  — Blue  limestone,  massive,  compact,  contains  carbonaceous  matter. 

8.  —Samples  taken  from  the  entire  quarry  in  1911. 

a.  Westmoreland  Coal  Co-,  analyst,  Philadelphia. 

b.  C.  H.  Ehrenfeld,  Ph.  D.,  analyst,  York. 

c.  Maryland  Steel  Co.,  analyst.  Sparrow’s  Point,  Md. 

d.  H.  C.  Demming,  analyst,  Harrisburg.  7-2510. 

e.  M.  I'.  Jandorf,  analyst,  Univ.  of  Pittsburgh,  Pittsburgh.  1912. 
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Quarry  No.  5.  John  Schum  and  Geo.  A.  l\uh],  York. 


1(a) 


CaCOs 87.09 

MgCOs,  9.39 

AhOs.  f 0.96 

Fe203 U- — 

SiOs,  0.88 


Total,  - 98.32 


1.  Sample  taken  from  the  entire  quarry,  1911. 

a.  M.  L.  Jandorf,  analyst,  Univ.  of  Pittsburgh,  Pittsburgh,  1912. 


Quarry  No.  6.  H.  S.  Ebert  and  A.  M.  Hake,  York. 


1 (a) 

2(a) 

nnr’n.»  . . 

92.59 

98.37 

3.77 

0.47 

1.22 

1 2.04 

FesOs,  

SiOo 

1.78 

0.16 

100.18 

100.22 

1.  Sample  taken  from  the  entire  quary,  1911. 

2.  Gray-blue  limestone,  massive,  compact,  crystalline. 

a.  M.  L.  Jandorf,  analyst,  Univ.  of  Pittsburgh,  Pittsburgh,  1912. 


Quarry  No.  7.  Clias.  E.  Miller,  York. 


- 

1 (a) 

CaCOs, — . 

87.03 

3.94 

1.94 

MgCOa,  — — ..  . . 

Si02 - — - 

6.04 

Total,  99.65 


1.  Sample  taken  from  the  entire  quarry  in  1912. 

a.  M.  1>.  Jandorf,  analyst,  Univ.  of  Pittsburgh,  Pittsburgh,  1912. 


118 


TOPOGRAPHIC  AND  GEOLOGIC  SURVEY. 


Quarry  No.  8.  P.  S.  Burgard,  K.  F.  D.  No.  10,  York. 


1(a) 

2 (b) 

3(b) 

GaGOs. 

99.34 

0.21 

0.18 

0.02 

0.32 

0.03 

0.05 

0.09 

98.79 

0.18 

1 0.80 

98.44 
0.72 
1 0.36 

MgCOs,  . 

AI2O3.  - 

Pe^Ox, 

SiO,, 

0.10 

0.32 

NaxO,  . 

UxO  fn0”G.l,  

Total, 

100.24 

99.93 

99.84 

1,  2. — White  limestone,  massive,  compact,  crystalline. 

3.  —Gray  limestone,  massive,  compact. 

a.  H.  C.  Demming,  analyst,  Harrisburg,  8-15-1908. 

b.  M.  L.  Jandorf,  analyst,  Univ.  ol  Pittsburgh,  Pittsburgh,  1912. 


Quarry  No.  9.  Emigsyille  Quarry  Co.,  Emigsville. 


1(a) 

2(b) 

8 (e) 

4 (C) 

98.35 

1.41 

0.13 

96.35 

2.08 

1 0.15 

98.09 

1.25 

1 0.40 

88.70 

9.75 

0.76 

AI2O3  — 

RiOo^  ' .... 

0.19 

1.13 

0.05 

0.24 

0.74 

VAISIpOq'/ 

tr. 

100.08 

99.92 

99.98 

99.95 

1,  2.— Samples  taken  from  the  entire  quarry  and  outcrops  to  the  north  and  south,  1910. 

3.  — Gray-blue,  massive,  compact,  saccharoidal  limestone. 

4.  — Sample  taken  from  the  quarry  and  an  outcrop  to  the  north,  1911. 

a.  C.  H.  Ehrenfeld,  Ph.  D.,  analyst,  York. 

b.  0.  A.  Jacobson,  Ph.  B. . analyst,  York. 

c.  M.  L.  Jandorf,  analyst,  Dniv.  of  Pittsburgh,  Pittsburgh,  1912. 


Quarry  No.  10.  Union  Stone  Co.,  New  Holland,  York  County. 


1(8) 

2(b) 

CaCOs,  — — 

96.00 

2.60 

0.20 

92.84 
6.74 
f 0.18 

[ 

1.20 

0.28 

Total.  - — — 

100.00 

100.04 

1,  2.— Samples  taken  from  the  entire  quarry,  1911. 

a.  Name  of  analyst  not  given. 

b.  M.  L.  Jandorf,  analyst,  Univ.  of  Pittsburgh,  Pittsburgh. 
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Quarry  No.  11.  York  Stoue  and  Supply  Co.,  York. 


1(a) 

2(a) 

65.32 

31.23 

1 1.70 

87.09 
9.32 
j"  1.32 

AlgCOs’,  - - — 

1.74 

2.36 

99.D9 

100.09 

1.  — Gray,  compact,  fractured,  much  metomorphosed  limestone. 

2.  — Dark-blue,  limestone,  compact,  massive. 

a.  M.  L.  Jandorf.  analyst.  Univ.  of  Pittsburgh,  Pittsburgh,  1912 


Quarry  No.  12.  L.  M.  Palmer  Lime  Co.,  I’ork  (Smyser’s  Sta.). 


1(a) 

2(b) 

3(a) 

4(b) 

6 (a)  6 (b) 

7 (C) 

99.32 

99.62 

99.07  _ 

nnO 

55.66 

65.29 

48.40  

45.77 

MgC'Os 

0.24 

0.16 

I 0.38 

0.35 

0.48 

6.18  _. 

8.81 

ALOs 

0.04 

f 0.04 

0.02 

f 0.16 

0.07  r 0.32 

0.03 

0.05 

1 

0.10 

1 

0 .30  1 

0 27 

SiO»,  ' 

0.63 

0.28 

0.14 

0.20 

0.27  0.24 

0.25 

Total.  

65.53 

99.98 

56.03 

100.04 

55.22  100.  A 

55.13 

43.47 

43.97 

44.78 

44.87 

100.00 

— 

100.00 

100.00  - 

100.00 

1,  2. — White,  compact,  high-calcium  limestone. 

3,  4. — Blue,  compact,  fine-grained,  high  calcium  limestone. 

5,  6. — Mottled  “calico,”  fine-grained  limestone  with  patches  of  dolomite. 
7.  — Average  of  entire  quarry. 

a.  Analyses  made  during  1909,  by  U.  S.  Geol.  Surv.,  Pittsburgh. 

b.  M.  L.  Jandorf,  analyst,  Univ.  of  Pittsburgh,  Pittsburgh,  1912. 

c.  Analysis  made  during  1911,  by  the  Bureau  of  Standards,  Pittsburgh. 


Quarry  No.  13.  L.  D.  and  Wm.  A.  Cunningham,  York,  Smyser’s 

Station). 


1(a) 

2(a) 

73.60 

61.12 

33.06 

_ 

20.90 

J 1.44 

J 3.80 

4.00 

12.00 

99.94 

99.93 

1. — Gray-blue  limestone,  massive,  compact. 

2. — Dark  blue  limestone,  massive,  compact,  containing  much  carboneceous  matter, 
a.  M.  L.  Jandorf,  an^yst,  Univ.  of  Pittsburgh,  Pittsburgh.  1912. 
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Quarry  No.  14.  Tliomasville  Stone  and  Lime  Co.,  Thomasville. 


1(a) 

2(a) 

3(a) 

4(b) 

99.35 

99.48 

99.29 

55.45 

0.24 

0.12 

0.34 

0.27 

AloO-i 

0.30 

0.18 

0.10 

0.10 

0.15 

SiO”,  ^ - - 

0.22 

0.40 

0.22 

0.15 

Tntal 

100.11 

100.18 

99.95 

66.12 

43.88 

100.00 

1.  — White  limestone,  massive,  compact,  fine-grained. 

2.  — Gray  limestone,  massive,  compact,  fine-grained. 

3. — Gray-blue  limestone,  massive,  compact,  fine-grained. 

4. — Sample  taken  from  entire  quarry,  1909. 

a.  M.  L.  Jandorl,  analyst,  Univ.  of  Pittsburgh,  Pittsburgh,  1912. 

b.  Analysis  made  in  1909  by  the  U.  S.  Geol.  Surv.,  Pittsburgh. 


Quarry  No.  15.  James  Marcli,  York. 


• 

1(a) 

CaCOs,  - 

86.35 

8.94 

A1>03  ' - > 

I 1.98 

2.44 

Tr,t.nl 

99.71 

1.— Sample  taken  from  the  entire  quarry. 

a.  M.  L.  Jandorf,  analyst,  Univ.  of  Pittsburgh,  Pittsburgh,  1912, 


Quarry  No.  16.  L.  H.  Alwiue,  Spring  Grove. 


1(a) 

70.74 
15.21 
1 4.04 

ivigcbs’,  — — 

AJ^Os, 

Fe’bs,  — 

SiO'»  — — — - 

9.92 

99.91 

1. — Sample  taken  from  the  entire  quarry  in  1911. 

a.  M.  L.  Jandorf.  analyst,  Univ.  of  Pittsburgh,  Pittsburgh,  1912. 
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Chemical  Analyses  of  Various  Limes  (a). 


No.  of  Quarry. 

CaO. 

MgO. 

(Fe,Al)203. 

Insol. 

H203C02. 

Total. 

9,  . 

93.81 

3.82 

0.15 

0.23 

1.42 

99.43 

79.64 

4.27 

6.64 

5.93 

2.13 

98.66 

94.04 

2.04 

0.64 

0.38 

2.07 

99.07 

4 

88.03 

6.21 

0.94 

2.61 

1.12 

98.91 

8 

96.42 

1.34 

0.71 

0.49 

0.17 

99.13 

9.  . 

83.09 

10.72 

0.76 

0.70 

3.80 

99.07 

12'  (b), 
12  (c), 
11  

97.32 

0.61 

tr. 

0.50 

0.58 

99.01 

76.05 

21.12 

0.87 

0.36 

0.36 

98.76 

98.54 

0.49 

0.00 

0.01 

0.72 

99.76 

a.  M.  L.  Jandorf,  analyst,  Univ.  of  Pittsburgh,  Pittsburgh,  1912. 

b.  High  calcium  lime. 

c.  High  magnesian  lime. 

NOTE: — Each  sample  of  lime  was  blasted  for  10  minutes,  cooled  and  weighed.  The  loss  in 
weight  was  due  to  the  expulsion  of  any  carbon  dioxide,  moisture,  etc.  (volatile  matter),  which 
may  have  been  present  in  the  lime.  The  analyses  were  carried  on  as  described  under  “chemical 
analyses  of  the  various  limestones  quarried.” 


Chemical  Analyses  of  L.  M.  Palmer’s  “Challenge  Brand”  Hydrate. 


(a) 

Ultimate 

Analyses. 

(b) 

Proximate 

Analysis. 

PnOj 

72.94 

0.71 

0.40 

71.66 

0.36 

0.51 

0.50 

0.95 

1.80 

23.81 

Ca(OH)2 
CaC03 
Mg  (0H)2 
H2O 

91.67 

4.09 

0.70 

1.17 

MgO,  — 

AUO-i/ 

SiOo 

0.40 

2.16 

22.61 

CO2,' — - 

99.22 

99.59 

Total, 

97.63 

a.  M.  L.  Jandorf.  analyst,  Univ.  of  Pittsburgh,  Pittsburgh,  1912. 

b.  Analysis  made  during  1911  by  the  Bureau  of  Standards,  Idttsburgh. 


Miscellaneous  analyses  of  Limestone  in  the  York  Valley  Limestone 

Belt. 


1(a) 

2 (b) 

3 (c) 

4(d) 

6 (e) 

6 (f) 

7(g) 

8(h) 

9 (i) 

91.58 
4.11 
j"  0.21 

91.40 

7.29 

I"  1.44 

43.728 

6.45 

1 6.35 

49.92 

42.98 

I"  1.17 

98.35 
0.16 
f 1.44 

94.12 
1.85 
f 2.36 

91.48 

0.90 

1 0.60 

78.57 

1.09 

1 1.46 

80.96 

9.62 

1 3.49 

Mp-rn.!' 

Pe203,  

S., 

0.113 

3.57 

0.003 

0.49 

1.48 

41.71 

0.22 

4.40 

Insol.,  

0.56 

0.46 

1.21 

6.42 

0.60 

19.35 

4.91 

Undet.,  

Total  

99.583 

100.^ 

99.718 

98.69 

100.51 

100.00 

100.00 

100.47 

98.93 
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10  (J) 

U(k) 

CaO,  ..  ... 

36.816 

5.019 

2.443 

0.321 

0.132 

tr. 

0.065 

35.650 

0.350 

38.600 

0.814 

2.228 

tr. 

0.050 

tr. 

0.041 

31.632 

1.055 

MgO',  _ _ _ . 

FflO,  . 

MnO,  _.  . 

P2OB, - 

SO3 — 

Fp.S.,.  _ 

COp,  _ 

H20) - - 

CaCOa,  . 

MgCOs', - 

AIpOp  . . 

1.138 

0.896 

16.650 

1.930 

5.524 

18.210 

i’esOs,  - 

99.380 

100.584 

a,  b,  c,  d.  Compiled  from  Amer.  Pbil.  Soc.  Proc.,  Vol.  23,  1886,  p.  ,406. 

a.  White  limestone  100  yds.,  E.  of  Beeler’s  Cross  Roads.  2 ml.  R.  W.  of  York. 

b.  Betwiler's  quarry  N.  W.  of  WrightsviUe. 

c.  Betwiler’s  quarry  S.  of  Wrightsvllle. 

d.  West  branch,  of  Creitz  Creek,  near  Wrightsville. 

e.  f,  g,  h,  i.  Compiled  from  Pa.  Exp.  Sta.  Records.  P.  Menges,  analyst. 

j,  k.  Compiled  from  2nd  Geol.  Surv.,  Pa.  Rep.  C.,  P.  Frazer,  Jr.,  1876,  p.  67.  and  Rep. 
MM.,  A.  S.  McCreath,  1876-8,  pp. 308-9.  Both  from  Sprenkle's  shaft,  i mile  W.  of  Menges’ 
Mill  Sta.,  P.  R.  R.,  “York,  Hanover  and  Frederick  Division.” 


Analysis  of  Lime  From  the  Emigsville  Quarry  Co. 

(Compiled  from  the  18th  Ann.  Rep.  of  the  U.  S.  Geol.  Surv.,  Part  5),  Cont’d.,  1896-7, 
p.  1006. 


CaO.  

MgO,  

FeO,  1 

FeeOa,  } 

AhOa,  i 

Si02 — 

H2O.  1 — 
Undet.,  J 

Total, 


90.68 

1.90 

0.14 

0.63 

6.76 


100.00 


The  foilow’ing  analyses  (Kef.  21)  shows  some  comparisons  between 
various  high  calcium  and  magnesium  limes: 
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(A).  High  Calcium  Limes. 


No. 


1, 

2, 

9 

i. 

5, 

6. 

7. 

8. 

9. 

10, 


Si02. 

AUOs  & 

CaO. 

MgO. 

CO«H«0, 

Total. 

Fe30s. 

Etc. 

0.81 

0.75 

98.30 

n.d. 

n.d. 

99.86 

0.36 

0.15 

98.13 

0.42 

0.80 

99.86 

tr. 

tr. 

98.47 

1.12 

0.45 

100.01 

0.12 

0.12 

99.29 

0.46 

n.d. 

99.97 

0.20 

tr. 

98.84 

0.12 

1.02 

100.00 

0.14 

tr. 

99.23 

0.60 

n.d. 

99.97 

0.27 

0.19 

98.14 

1.40 

n.d. 

100.00 

0.18 

0.26 

98.44 

0.98 

0.32 

100.18 

0.30 

0.42 

98.24 

0.66 

0.64 

100.06 

0.78 

0.52 

98.40 

0.10 

n.d. 

99.80 

Analysts  quoted. 

1. — Star  Lime  Co.,  Montgomery  Co.,  Ky.  R.  Peter,  analyst.  Rep.  A.  Ky.  Geol.  Sury., 
p.  171. 

2. — J.  Follet  & Sons,  Renfrew,  Mass.  20tli  Ann.  Rep.  TJ.  S.  Geol.  Surv.,  Part  6,  p.  410. 

3. — J.  P.  Rieh,  Swanton,  Vt.  20th  Ann.  Rep.  U.  S.  Geol.  Surv..  Part  G,  p.  455. 

4.  — Ibid.  Loc.  Cit. 

5.  — Ibid.  Loc.  Cit. 

6.  — W.  B.  Fonda,  St.  Albans,  Vt.,  F.  C.  Robinson,  analyst,  loc.  cit.,  p.  456. 

7. — Follet  Bros.,  N.  Pownal,  Vt.  R.  Schuppaus,  analyst,  loc.  cit.,  p.  455. 

8.  — Ditto  Lime  Co.,  Marlowe,  W.  Va,  J.  A.  Ditto,  analyst,  loc.  cit.,  p.  4.59. 

9. — J.  B.  Speed  and  Co.,  Militown,  Ind.  Burk  and  Amoid,  analysts.  28th  Ann.  Rep.  Ind. 

Geol..  p.  244. 

10. — Horseshoe  Lime  and  Cement  Co.,  Bedford,  Ind.  Chauvenct  Bros.,  analysts,  loe.  cit.), 
p.  256. 


Magnesian  Limes. 


No. 

Si02. 

AI2O3  & 
Fe203. 

CaO. 

MgO. 

COv.HvO, 

Etc. 

Total. 

1 

0.42a 

0.80a 

56.57 

42.56 

0.10 

99.65 

V 

58.00 

38.45 

2.80 

100.0.3 

1.61 

0.17 

57.44 

40.36 

0.41 

99.99 

4’  

0.46 

1.10 

55.49 

42.31 

0.64 

100.00 

0.35 

0.49 

59.20 

38.38 

1.80 

100.22 

a.  Inculdes  AI2O3  and  FesOs. 


Analysts  quoted. 

1. — Canaan  Lime  Co.,  Canaan.  Conn.  J,  S.  Adam,  analyst.  20th  Ann.  Rep.  U.  S.  Geol. 
Surv.,  Part  6,  p.  370. 

2. — Marblehead  Lime  Co.,  Sandusky,  Ohio.  J.  W.  Skinner,  analyst.  Private  communication 
to  E.  C.  Eckel,  U.  S.  Geol.  Surv.,  Washington,  D.  C. 

3. — L.  McCallum  and  Co.,  TifBn,  Ohio.  O.  Wulte.  analyst,  loc.  cit.  (1),  p.  433. 

4.  — Sheboygan  Lime  Works,  Sheboygan,  Mich.  G.  Bode,  analyst,  loc.  cit.,  p.  464. 

5. — Consolidated  Lime  Co.,  Huntingdon,  Ind.  T.  W.  Smith,  analyst.  28th  Ann.  Rep. 
Ind.,  Dept.  Geol..  p.  239. 


Results  of  Physical  Tests. 

In  the  testing  (Kef.  25)  of  materials  to  he  used  for  road  hiiildiiig 
certain  physical  properties  must  he  determined,  the  chief  ones  being: 
Hardness,  tou.ghness,  cementing  value  and  resistance  to  wear. 

“By  hardness  is  meant  the  resistance  of  a rock  to  the  grinding 
action  of  an  abrasive,  like  sand.” 
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“By  toughness  is  meant  the  resistance  a rock  offers  to  fracture, 
under  impact ; such,  for  instance,  as  the  striking  blow  given  by  a shod 
horse.” 

“By  cementing  value  is  meant  the  binding  power  of  the  road  ma- 
terial.” 

“Resistance  to  wear  is  a special  property  in  a rock,  and  although  it 
depends  to  a large  extent  upon  both  the  hardness  and  toughness 
of  the  rock,  it  is  not  an  absolute  function  of  those  qualities,  fl). 

1. — Compiled  from  the  Division  of  Tests.  Bureau  of  Public  Roads.  Dr.  L.  W.  Page, 
Director.  U.  S.  Dept.  Agr.,  Porm  28,  1-1-1911. 

Quarry  No.  1.  B.  Frank  Beard,  Wrightsville. 

( 

“Sample  No.  5779.  Pebruary  1st,  1912. 

Material:— Dolomitic  marble. 

Detenainations. 


Specific  gravity,  

Weight  per  cubic  foot,  

Water  absorbed  per  cubic  foot. 

Per  cent,  of  wear,  

Prench  coefBcient  of  wear,  

Hardness.  

Toughpess,  

Cementing  value,  


2.80. 

175  pounds. 
0.14  pounds. 
2.6. 

15.3. 

17.1. 

13.0. 

Good. 


Remarks: — Rather  hard  rock  with  average  toughness,  high  resistance  to  wear  and  good 
cementing  value.  Should  give  satisfactory  results  under  medium  traffic.” 


Quarry  No.  3.  Benjamin  H.  Stoner,  Hellam  . 

“Sample  No.  5782.  . Pebruary  1st,  1912. 

Material: — Crystalline  limestone. 

Determinations. 


Specific  gravity,  

Weight  per  cubic  foot 

Water  absorbed  per  cubic  foot. 

Per  cent,  of  wear,  

Prench  coefficient  of  wear,  

Hardness.  

Toughness,  

Cementing  value,  


2.67. 

172  pounds. 
0.18  pounds. 
3.1. 

13.1. 

16.7. 

7.0. 

Good. 


Remarks: — This  rock  shows  average  hardness  and  resistance  to  wear,  low  toughness  and 
good  cementing  value.  Should  be  used  only  under  light  traffic.” 


Quarry  No.  5.  John  Schum  and  Geo.  A.  Ruhl,  York. 

“Sample  No.  5780.  Pebruary  1st,  1912. 


Material : — Limestone . 
Determin  ations . 


2.70. 

168  pounds. 
0.48  pounds. 

4.3. 

9.3. 

14.3 

3.0. 

Good. 

Remarks: — Average  hardness  and  resistance  to  wear,  low  toughness  and  good  cementing 
value.  Should  only  be  used  on  roads  subjected  to  light  traffic,” 
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Quarry  No.  6.  Hariy  S.  Ebert  and  A.  M.  Hake,  York. 

“Sample  No.  5783.  February  1st,  1912. 

Material:— Crystalline  limestone. 

Determinations. 


Specific  gravity,  

Weight  per  cubic  foot,  

Water  absorbed  per  cubic  foot, 

Per  cent,  of  wear,  

French  coefficient  of  wear,  

Hardness,  

Toughness,  

Cementing  value 


2.75. 

172  pounds. 
0.19  pounds. 
3.1. 

13.9. 

14.8. 

9.0. 

Fair. 


Remarks:— This  material  shows  average  hardness  and  resistance  to  wear,  low  toughness 
and  cementing  value.  Should  be  used  only  for  roads  subjected  to  light  traffic.” 


Quarry  No.  9.  Emigsyille  Quarry  Co.,  Emigsyille. 


“Sample  No.  5778. 


Material: — Dolomitic  marble. 


February  1st,  1912. 


Determinations. 


Specific  gravity,  

Weight  per  cubic  foot,  

Water  absorbed  per  cubic  foot. 

Per  cent,  of  wear,  

French  coefficient  of  wear,  

Hardness.  

Toughness,  

Cementing  value,  


2.80. 

175  pounds. 
0.15  pounds. 

4.6. 

8.6. 

14.3. 

7.0. 

Good. 


Remarks: — This  material  shows  average  hardness  and  resistance  to  wear,  low  toughness 
and  good  cementing  value.  Should  be  satisfactory  for  use  under  light  traffic.” 


Quarry  No.  11.  York  Stone  and  Supply  Co.,  York. 

Material: — Dolomite  marble. 

Material: — Carbonaceous  limestone. 

Determinations. 


Specific  gravity,  

Weight  per  cubic  foot,  

Water  absorbed  per  cubic  foot. 

Per  cent,  of  wear,  

French  cooflficient  of  wear,  

Hardness.  

Toughness,  

Cementing  value,  


2.70. 

168  pounds. 
0.44  pounds. 
4.8. 

8.3. 

14.8. 

7.0. 

Good. 


Remarks: — This  sample  shows  average  hardness  and  resistance  to  wear,  low  toughness  and 
good  cementing  value.  Should  be  used  only  under  light  traffic.” 


Quarry  No.  13.  L.  D.  and  Wm.  A.  Cunningham,  York. 

“Sample  No.  5781.  February  1st,  1912. 

Material:— Argilaceous  limestone. 

Determinations. 


Specific  gravity,  

Weight  per  cubic  loot,  

Water  absorbed  per  cubic  foot. 

Per  cent,  of  wear,  

French  coefficient  of  wear,  

Hardness.  

Toughness,  

Cementing  value,  


2.80. 

175  pounds. 
0.29  pounds. 
2.8. 

14.2. 

17.3. 

28.0. 

Good. 


Remarks: — This  is  a hard  rock,  with  high  resistance  to  wear  and  good  cementing  value. 
Best  suited  for  medium  traffic  roads.” 
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RESULTS  OF  PETROGRAPHIC  EXAMINATIONS. 

Specimen  1. 

Limestone  from  the  quarry  of  Benjamin  H.  Stoner,  Hellam. 

A very  compact,  fine-grained  limestone,  dark -blue  in  color;  contains 
much  pyrite  in  the  form  of  fiattened  cubes  and  much  graphite. 

Under  the  microscope  it  is  seen  to  be  a homogeneous,  coarsely 
grained,  aggregate  of  calcite,  with  an  abundance  of  graphitic  carbon 
and  a subordinate  amount  of  pyrite. 

Specimen  2. 

Limestone  from  the  quarry  of  the  York  Stone  and  Supply  Co., 
York. 

A very  fine-grained,  dark -blue  limestone. 

Under  the  microscope  it  is  seen  to  be  a homogeneous,  finely-grained 
aggregate  of  calcite,  without  definite  crystalline  form.  Pyrite  is 
sparsely  disseminated  throughout  the  mass,  as  minute  grains. 

Specimen  3. 

From  the  quarry  of  the  York  Stone  and  Supply  Co.,  York. 

A very  fine-grained,  compact,  dark-blue  limestone,  similar  to  speci- 
men 2,  but  with  crystals  of  quartz  and  pyrite.  Often  contains  other 
minerals,  as  fluorite,  dolomite,  etc. 

Under  the  microscope,  it  is  seen  io  be  a homogeneous,  granular 
aggregate  of  calcite,  similar  to  specimen  1,  the  calcite  grains  showing 
no  crystal  boundaries.  Pyrite  and  graphitic  carbon  are  present  in 
subordinate  amounts. 

Quartz  is  common,  and  from  the  numerous  grains  of  calcite  enclosed 
in  a section  of  a quartz  crystal,  would  seem  to  be  of  secondary  nature, 
i.  e.,  replacing  the  calcite  of  the  limestone.  A grain  of  calcite,  form- 
ing part  of  the  aggregate,  may  lie  partly  within  the  aggregate  and 
I»artly  within  the  quartz  crystal. 


RESULTS  OF  PETROGRAPHIC  EXAMINATION  OF  THE 

IGNEOUS  ROCKS. 

Specimen  4 — Stony  Brook  or  Loganville  Dike.  44  miles  E.  of  York. 

Macrosco]ncally,  this  rock  is  fine-grained  and  compact  in  texture. 
Under  (he  microscope  it  is  seen  to  consist  of  plagioclase,  of  the 
variety  labradorite,  twinned  and  geniculated;  diallage,  altering  to 
ser])entine;  grains  of  magnetite  and  a little  ferric  oxide  (limonite)) 
as  an  alteration  product  of  the  magnetite. 
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The  rock  is  a diabase,  ivliose  pvroxeuie  coustitueiits  is  diallaj>e, 
altering  to  serjtentiue. 

Specimen  5 — Yest  York  Dike  (Northeastei-n  Extremity).  Miles 

Y.  ^V.  of  Yoi-k. 

Alacroscopically,  this  rock  is  line-grained  and  compact  in  lextiire, 
similar  to  s})ecimeii  4. 

Ender  the  mici-oscope  it  is  found  to  consist  of  twiniigd  and  geuicu- 
lated  labradorite,  in  ])art  kaolinizing ; twinned  diallage,  altering  to 
serpentine;  magnetite,  with  crystal  outline,  replacing  the  diliage 
and  also  in  the  form  of  grains. 

This  rock  is  a true  diabase,  whose  pyroxenic  constituent  is  alter- 
ing to  serpentine. 

Specimen  (5 — tYest  York  Dike.  24  Miles  \t'.  of  York. 

^lacrosco]hcally,  this  i-ock  is  coarse-grained  and  compact  in  textuie. 

Tbider  the  microscoj.'e  it  is  t'onud  to  consist  of  twinned  and  genicu- 
lated  labradorite;  twinned  diallage,  altering  to  serj)enliue;  minute 
crystals  and  grains  of  apatite;  grains  of  magnetite  and  ])yrite;  and 
one  minute  plate  of  biotite. 

Conclusively,  this  rock  is  a coarse-grained  diabase,  whose  ])yroxenic 
cousistuent,  diallage,  is  altering  to  serpentine. 


Analyses  of  Diabase  or  “Traj).” 


<• 

■ 

1.  stony  Brook 
dike  (Ref.  6). 

2.  West  York 
dike  (Ref.  4). 

SiO->  

40  78 

53 

PoQg  ^ ... 

Ti62,'  

0.99 

0 35> 

Al-Os  _ 

19.28 

14  35 

6.11 

.5  9.3 

FoO,  - 

4 10 

.5  45 

MnO  - - - — 

MgO*  - - 

7 38 

7 < iO 

CaO,  - 

9.11 

10  *>7 

jj.>0,  - - - - 

Na2d,  

6. 10' 

1 87 

K:;0.  

0.52 

0.92 

Cn 

s 

tr. 

0 08 

1.23 

CoO*  — 

tr 

H"6'  (iio°c.),  

0 05 

H“0  (ab.  0.)»  - 

0 06 

99.54 

101.09 

9 
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]\[isrellane()ns  I’(i1v()gi-a])liie  Tests.  Stony  Brook  or  Loganville 

1 >ike.  ( Kef.  (I ) . 

“Labradorite ; rnneli  diallage  (})yroxene);  common  lioriihlende : 
some  secondary  liornblende,  intergrowu  witli  microlitic  felspar  (pla- 
gioclase)  and  magnetite,  (li-anular  base.  Conclusively,  the  dike  is 
one  of  diabase.  Has  been  much  changed  with  the  formation  of  much 
orthorhomibic  pyroxene.” 
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ARRENDIX  E 


THE  GEOLOHICAL  0JH(HA  of  the  FIMTSHWATEK’  FA-UXA 

OF  PENASYTATVNIA 


i’>j  Dr.  A.  E.  Ortiiianii. 


rXTKODrCTOHA  NOTE. 


15y  IL  K.  Hice. 

One  of  file  most  iutereslimi’  siibjecls  coimecfed  willi  llie  snidy  of 
glaeial  geology  is  tliat  of  the  deteriniiiaiioii  id’  the  lini's  of  |M-eulaeial 
drainage.  Western  Fenns\!vania  has  been  the  field  for  study  of  a 
large  nnniiier  of  the  Tertiary  diainage  lines  and  the  feafnres  fonnd 
in  the  State  are  jirominent  factors  in  the  determination  of  the  jire- 
giaeial  drainage  systems  of  the  entire*  eastetn  poition  of  the  I'liited 
States. 

One  of  the  earliest  ]tapers  irealing  of  the  drainagi*  features  of 
^Vestern  Pennsylvania  is  that  of  Di*.  Alfied  'i\  King,  on  the  "Ancient 
Alltivinm  of  the  Ohio  and  Tributaries,"  published  in  the  jiroceedings 
of  the  Philadeljdiia  Academy  of  Science,  \'ol.  \'II,  IS.itJ,  in  which 
lie  discusses  tlie  Alluvial  dejiosits  fonnd  on  the  rock  bemdies  above 
the  level  of  the  present  rivers,  which  benches  we  now  know  are 
remnants  of  the  beds  of  the  old  streams  Avhich  drained  ^^>stern  Penn- 
sylvania northward  into  the  Erigan  Piver  and  titence  into  the  At- 
lantic Ocean. 

The  Avork  (d‘  Garll,  during  the  years  of  field  Avork  of  the  Second 
Geological  SniA’ey,  in  the  npjier  oil  fields  of  i’enns\ Ivania,  gaAm 
ns  a large  contribution  to  onr  knoAAledge  of  the  valleys  of  the  pre- 
giacial  streams  Avhich  drained  the  upper  Allegheny  region  north- 
Avard  into  the  jiresent  Erie  basin.  The  information  obtained  from 
the  vast  number  of  Avell  records  he  secured  determined  the  jiresent 
fall  of  the  old  riA'er  valleys  is  i(>  the  north,  and  no  ipiesfion  has  been 
raised  sittce  that  lime  legarding  the  direction  of  their  Hoav.  In  the 
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Appendix  to  Q4,  published  in  1881,  is  tlje  paper  by  Dr.  J.  ^V.  Speneei. 
on  the  discoverv  of  the  preglaoial  outlet  of  Lake  Ki  ie  iiiie  ilie  liasin 
of  Lake  Ontario,  through  a channel  west  of  ihe  5»reseiit  Niagara 
Itiver. 

In  report  111,  Ib-of.  Oaill  says:  "1  strongly  suspect  that  Dig 
Leaver  Liver  is  :i  glacial  eniargeuieiil  foiuied  in  ilie  sauu*  inauuer 
as  that  found  in  tlie  stiiiuiiit  basins  and,  tlial  aiilerior  to  the  i(e  ag(*. 
the  Shenango  and  other  head  water  streams,  including  tin-  t’onno- 
(luenessing,  delivere<l  noia hwardly  through  the  .Maiioning  atnl  (Land 
Livers  into  Lake  Erie  basin."-  Ibis  was  a suggestion  ol  Prof,  ('arl' 
without  a full  examination  of  the  regit-n.  In  l^tUd  Dr.  1’.  .Ma:;  Foshay 
( Americttn  Journal  of  Science,  \'ol.  XL,  ]>.  .JifT  i elaiKn-iited  on  tliis 
suggestion,  showing  an  apparent  northward  slo})e  oi'  the  bttried  lioor 
of  the  present  Ohio.  Leaver  and  idahotiing  Livers  frotn  IMttsburgh 
to  Edenburg,  correltiting  the  buried  channels  of  tlie  Ohio,  Letiver  and 
llahoning  Livers  with  the  buried  chanm^ls  determined  by  die  work 
of  Carll  in  the  ujiper  Allegheny  region. 

The  earlier  pajiers  were  largely  based  on  the  supiiosition  of  tin" 
unity  of  the  glacial  iieriod,  and  the  narrow  buried  cliaiineis  known 
to  extetid  below  ineseiit  river  level  were  ascribed  to  a time  preceding 
the  ice  invasion.  With  the  closer  study  of  the  glacial  pei-iod  iti  this 
region,  it  was  found  it  siiould  be  divided  into  at  least  two  stages,  tlie 
first  corresponding  to  one  of  the  earlier  stages  of  the  31  ississip]! 
\ alley,  Kansan  or  Ib  elvaiisati  in  age,  and  a later  invasion  coi  re- 
sitonding  to  the  Wisconsin  stage  of  glaciation.  'Whether  there  were 
minor  advances  of  the  ice  between  there  two  invasions  of  north- 
western Pennsylvania  is  not  yet  ftilly  determined.  Imt  the  interval 
between  these  two  invasions  was  one  of  active  stream  erosioii.  and 
to  it  we  now  ascrilie  tlie  excavation  of  the  present  system  of  buried 
channels. 

This  is  not  the  time  or  place  to  discuss  the  literature  of  this  prob- 
lem as  found  in  the  many  scattered  iiajiers  and  rejiotts  of  Ash- 
burner,  Carll,  Chamberlin,  Chance.  Claypole,  Fkiirchild,  Eoshay  ( Li- 
bert, Hice,  Jillson,  Lesley,  Leverett,  Lewis,  Spencer.  Stevenson.  Tay- 
lor, I pham,  hite,  right  and  others,  which  bear  directly  itiion  the 
river  history  of  Western  Pennsylvania.  The  work  of  the  several  in- 
vestigators has  resulted  in  a mass  of  valuable  information,  and  while 
the  conclusions  reached  have  tiot  always  been  harmonious,  theie  has 
been  a “coming  together”  of  the  several  theories  atnl  there  is  now  a 
pretty  general  agreement  as  to  the  main  tacts. 

We  have  in  Western  Pennsylvania  the  record  of  three  distinct 
river  systems,  all  occupying  the  same  lines  of  drainage,  but  at  dif- 
ferent levels.  Preceding  the  earliest  ice  invasion  a comidete  .system 
of  drainage  had  been  long  established  in  'Western  Pennsylvania. 
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This  bore  no  resembla'iire  1o  the  present  system.  Jn  the  north  Allle- 
gheny  region  the  streams  were  small,  and  flowed  northward  into  the 
basin  now  occupied  by  Lake  Erie,  but  then  drained  to  the  northeast 
by  a great  stream,  Avhich  Dr.  Spencer  has  designated  the  “Erigan 
River.”  The  middle  portion  of  the  present  Allegiieny  basin  was 


Fig.  1.  Sketch  map  showing  the  probable  pre-Glacial 
drainage  of  western  Pennsylvania.  The  terminal  moraine 
is  shown  by  a broken  crossed  line.  (Frank  Leverett;  with 
addition  of  terminal  moraine.) 

also  drained  to  ihe  nortlnvai-d  by  way  of  the  ]>resent  Erencli  Creek 
Valley,  while  the  southern  jiortion  of  the  Allegheny  basin  drained 
southward,  by  Ihe  line  of  the  present  stream,  to  the  site  of  Pittsburgh. 
At  Pittsburgh  this  old  pregiacial  stream  was  joined  liy  the  pregiacial 
Monongahela,  and  the  united  streams  flowed  northward,  by  Avay  of 
the  present  Ohio  Valley,  some  25  miles  to  the  present  site  of  BeafTr. 
Here  tlie  stream  was  joined  by  one  rising  southward  from  Wheeling, 
in  the  highlands  of  West  Virginia  and  southeast  Ohio,  and  floAving 
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l)y  the  line  of  the  present  upper  Ohio  (reversed)  to  Beaver.  From 
the  present  site  of  Beaver  these  streams,  now  a great  river,  llowed 
northward  by  way  of  the  present  Beaver  (reversed ) across  the  present 
preglacial  covered  divide  into  the  Erigan  Eiver.  The  level  of  this 
old  stream  in  the  neighborhood  of  Pittsburgh  was  higher  tlian  the 
present  Ohio,  and  its  bed  is  marked  by  benches  which  are  remnants 
of  the  rock  bed  of  the  old  northward  flowing  stream.  This  old  drain- 
age .system  was  one  of  great  age  and  it  had  ap])roaeiied,  if  indeed  it 
had  not  reached,  the  condition  of  a base  level  river,  h'he  evidences 
of  the  direction  of  the  flow  of  this  old  stream  are  clear  and  distinct. 
First,  there  is  the  evidence  of  the  present  levels  of  tha  fragments  of 
the  old  river  bed.  The  slope  of  the  fragments  being  in  the  direction 
of  the  flow  above  mentioned.  Again,  there  is  the  evidence  of  tlie 
direction  of  entrance  of  the  various  tributary  streams  and  the  chai-- 
acter  of  the  bounding  hills  thronghont  the  extent  of  the  old  river. 
Tn  addition  to  other  lines  of  evidence  we  have  that  of  stream  ernsion 
as  preserved  to  ns  in  the  rock  bed  of  the  stream  at  various  [,niuts, 
which  distinctly  shows  the  direction  of  flow  as  thaf  given  above. 

\Vith  the  coming  of  the  ice  a new  set  of  conditions  arose*.  As  the 
ice  pushed  southward  across  the  present  basin  of  Fake  Erie,  it 
slowly  pushed  its  way  up  the  slope  of  the  southside  of  the  basin, 
blocking  in  its  progress  the  valleys  of  the  streams  which  flowed 
northward,  causing  their  waters  to  form  into  long  tinger-like  lakes 
in  the  deeper  portion  of  the  valleys,  and  extending  along  the  face  of 
the  ice  to  an  extent  determined  by  the  topographic  features.  A'e 
know  that  this  first  advance  of  ice  reached  within  a few  miles  of  the 
present  Ohio  Iliver  at  Beavei*,  crossing  the  present  Beaver  \hilley 
near  the  month  of  the  Connoqnessing.  The  result  of  this  was  a dam- 
ming back  of  the  waters  of  this  old  north  flowing  stream  at  this 
point  to  form  a large  irregular  shaj)ed  lake  in  the  p>resent  valleys  of 
the  Beaver,  Ohio,  Allegheny  and  Monongahela  rivers,  the  waters 
rising  until  they  overflowed  to  the  southwest  at  the  lowest  divide 
between  the  old  stream  and  that  draining  westward  from  a ]»oint 
beyond  Wheeling.  This  lake  has  been  designated  by  Di-.  1.  ('.  iVhiie 
“Lake  Monongahela,”  and  it  is  one  of  the  best  detined  and  one  of  fhe 
earlier,  if  not  the  earliest,  glacial  lake.s  in  the  eastern  j)oi'ti(m  of 
the  United  l^tates.  At  the  same  time  the  northward  dischai-ge  of  ihe 
old  drainage  lines  of  the  upper  and  middle  Allegheny  Eiver  wei-e 
blocked  and  similar  but  much  small  lakes  were  formed,  which  over- 
flowed southward  over  the  lowest  divide  into  Lake  Monongahela. 
Along  with  the  ice  came  vast  accumulations  of  morainic  materials, 
the  products  of  centuries  of  decay,  caught  up  and  carried  along  by 
the  advancing  ice.  It  is  evident  that  the  ice  and  the  morainic  ma- 
terials blocked  the  northern  discharge  until  the  soutliwesterly 
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llowiug  waters  had  cut  deep  into  the  divide  and  had  established  the 
line  of  drainage  of  the  present  Ohio  River.  It  is  possible  the  de 
termination  of  tliis  line  of  drainage  was  aided  I)j  an  elevation  of  the 
eastern  portion  of  the  TJnited  States  wliich  has  since  largely  dis- 
appeared. 

Following  the  withdrawal  of  the  ice  it  is  probable  this  portion 
of  the  conniry  maintained  a higher  elevation  than  at  present. 
A time  of  (juick  rnn-otf  and  rapid  erosion  followed,  and  a 
system  of  river  channels  was  cut  in  the  direclion  of  1he  present  flow 
1o  a <lepth  below  ])resent  water  level.  The  condilions  causing  this 
deep  cutting  weie  not  maintained  for  a great  lengih  of  lime,  as  is 
shown  by  the  narrowness  of  the  inner  gorges  and  ihe  fact  that  only 
Ihe  lai-ger  tributaries  succeeded  in  eroding  their  beds  lo  a depth 
coriesponding  to  that  of  the  major  streams. 

Following  this  period  of  deep  trenching  come  the  last  invasion 
of  the  ice,  accompanied,  as  it  was,  by  enormous  (piantities  of  mo- 
rainic material,  pushed  along  and  cai-ried  by  the  ice,  and  washed 
by  the  waters  of  the  melting  glacier  down  the  present  lines  of  drain- 
age, silting  these  up  to  a height  reaching  about  125  feet  above  jnesent 
sti-eam  lev(>l.  The  duration  of  this  ire  invasion  was  relatively  short, 
and  it  has  l)eeii  inn  a bi'i(‘f  time,  geologically  speaking,  since  the 
withdrawal  of  the  ^\■isconsin  ice  from  this  region,  ttince  the  time 
of  the  withdi-awal  of  this  ice  the  pi-esent  streams  liavm  been  engaged 
in  CTitting  their  channels  through  the  alluvia!  materials  deposited 
by  the  waters  of  the  melting  ice.  For  long  stretches  tiie  streams  iiave 
been  cutting  away  these  gimveis.  but  here  and  thei-e  they  have  !)een 
deflected  across  rock  benches  which  were  left  in  the  cutting  down 
of  the  inner  goi-ge,  a, ml  being  thus  retarded  at  ])laces,  there  ha.s  re- 
sulted a series  of  i-a|hds  over  the  rock  ledges  which  have  retai-ded 
lh<“  down  cut  ting  of  tlie  sireams,  a.ml  helped  to  maiiilain  their  pi-esent 
level. 

It  is,  of  course,  evident  llial  this  bi<“aking  n])  of  Ihe  river  history 
would  mean  ginnit  changes  in  the  life  of  the  waters  and  the  accom- 
panying contribution  of  Dr.  Oi-tmann  is  most  timely.  The  results  of 
his  ]>ains-taking  work  bring  out  very  sirongly  a fresh  line  of  evidence 
]-egardi.ng  Ihe  ]uegiacial  direction  of  the  How’  of  o\ir  sti'eams,  the 
change's  which  have  occurreel,  ami  the  fact  that  these  changes  wei-e 
bi-ouglit  al)out  by  Ihe  glacial  ])eriod,  and  it  is  a valuable  addition  to 
all  that  has  been  wi'itten.  The  complete  verification  it  gives  us  of 
the  direction  of  How  of  these  old  streams,  cannot  but  be  pleasing  to 
all  students  of  glacial  geology.  Particular  attention,  perhaps,  should 
be  called  to  the  evidences  showing  that  the  preglacial  drainage  from 
the  Frie  basin  was  to  the  northeast,  wdiere  other  lines  of  evidence  of 
])reglacial  How  have  largely  been  obliterated. 
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!!_v  Dr.  A.  IX  Oiiniaiin. 


At  llie  i)re.sent  time,  IXninsvlvaiiia  beioiigs  to  lliree  ditl'ereiit  diain- 
iige  sYsiems:  the  \\  estcrii  jiart  diaiiis  into  tlie  Oliio  and  llie  .Missis- 
sippi, and  to  the  Mexican  Onlt;  the  Easleni  jsart  sheds  its  wateis  to 
the  Atlantic  Ocean;  and  some  sections  of  the  ^ortli  and  ircsf 

drain  into  the  St.  Lawrence  system.  The  latter,  altliongh  als(j  belong- 
ing to  the  Atlantic  Ocean,  should  be  distinguished  from  the  rest 
of  the  Atlantic  drainage  (Potomac,  Susquehanna  and  Delaware 
Kiversi  for  reasons  which  will  become  evident  in  the  present  paper. 

This  division  of  the  drainage,  in  its  present  form,  is  of  rather  re- 
cent origin.  Although  there  was,  from  the  beginning,  a drainage 
generally  directed  toward  the  East,  and  other  toward  the  West,  the 
special  features  have  undergone  much  change  during  the  gelogical 
past,  and  the  itresent  divides  are  not  tvhat  they  were  formerly.  Gen- 
erally speaking,  we  may  say,  that  the  Atlantic  system  has  largely 
encroached  upon  the  Western,  and  that  the  Xoiihern  or  St.  Lawrence 
basin,  in  its  present  development  is  quite  recent. 

This  contrast  of  the  drainages  ancl  their  geological  changes  should 
find  an  expression  in  the  animal  life  inhabiting  onr  rivers  and  creeks, 
and  it  is  indeed  a well  known  fact  that,  for  instance,  the  Atlantic 
and  the  Western  streams  posses  faunas  which  are  rather  sliarply  dis- 
tinguished. Although  this  fact  may  not  be  very  marked  in  certain 
gron]»s  of  animals,  there  are  others  in  which  it  is  very  evident.  The 
fauna  of  the  St.  Lawrence  and  its  tributai-ies  is  (j[uite  peculiar,  show- 
ing affinities  j)artly  toward  the  East,  jiartly  toward  the  West. 

In  order  to  understand  the  oiigin  and  the  deveb)])ment  of  our 
freshwater  fauna,  it  is  necessa.ry  to  be  aecpminted  wiib  the  Jiisinrii 
of  our  (Jrainfff/e  sijsteiiis,  and  a short  sketch  of  the  latter  should  be 
given  first. 

^^■hen  the  lirst  land  was  elevated  above  the  sea,  I'resli water  streams 
bega.n  to  How.  Geology  tearlies  ns  that  the  whole  of  Pennsylv.ini.a 
is  rather  old  land,  although  not  all  parts  ros(‘  out  of  the  sea  simul- 
taneously. The  oldest  jiarts  are  what  is  known  as  the  Pirdmoiil 
platen,  in  the  East:  chiefly  archaic  and  old  paleazoic  rocks,  which 
became  diy  laud  in  the  beginning  of  the  paleozoic  era.  This  land 
formed  a roiT  innation.  ]>robably  a peninsula,  stretching  out  from  a 
more  e.xtensive  land  mass  in  the  X'orth  ( the  ‘‘Canadian  shield"  i,  south- 
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Avavd  to  a considerable  distance  Sontli  of  Pennsylvania.  This  land, 
according  to  its  greatly  disturbed  stratigraphy,  probably  formed 
oi-iginally  a chain  of  lofty  mountains,  but  it  was  worn  down  during 
the  geological  ages  by  running  water,  and  liansformed  into  a pene- 
plain, which  stood  at  times  at  l)ase  level,  and  was  re-elevated  at  others. 
At  one  time  (Trias-Juraj  it  was  so  much  dejn'essed  1liat  il  was  again 
]»artly  covered  by  the  sea. 

To  the  West  of  this  mass  of  old  rocks  of  the  Piedmoiil  plateau 
ihei-e  was.  during  the  greatest  pari  of  the  Paleozoic  era,  a sea,  or 
i-allier  a large  bay  extending  from  the  ocean  to  the  Southwest  in  a 
northeastei-ly  direction.  The  western  shore  of  this  bay  was  iu  the 
present  state  of  Ohio,  being  formed  by  the  "Cincinnati  uplift,’’  its 
northern  sliore  was  the  Canadian  mass;  and  its  eastern  shore  the 
Piedmont  mountains.  In  this  sea  paleozoic  strata  were  deposited, 
ihe  most  important  of  which  are  the  famous  coal  beds  of  western  and 
Central  Pennsylviinia.  This  bay  was  subject  to  a series  of  oscilla- 
tions, its  bottom  being  repeatedly  elevated,  and  subsiding  again, 
so  that  at  times  it  became  to  a greater  or  lesser  extent  land,  while 
it  Wits  at  other  times  more  or  less  submerged.  These  oscillations  cul- 
minated in  a general  upheaval,  connected  with  a lateral  compression 
directed  generally  from  Northwest  to  Southeast,  which  had  the 
effect,  that  the  beds  deposited  in  the  bay  were  compressed  and  folded 
ujt.  The  old  rocks  of  the  Piedmont  plateau  acted  as  a him  block, 
against  which  this  lateral  pressure  was  directed,  thus  causing  the 
formation  of  a series  of  folds,  anticlines  and  synclines,  running  goi- 
erally  in  a northeast-southweslerl}"  direction.  The  highest  of  these 
folds  was  located  toward  the  East,  immediately  adjoining  the  Pied- 
moiit  pleateau,  while  in  a westerly  direction  the  folds  are  less 
(devated  and  become  gradually  indistinct.  This  mountain-creating 
]»rocess  was  finished  toward  the  end  of  the  paleozoic  time  (Permian), 
and  resulted  iu  a system  of  subparallel  mountain  chains,  generally 
known  as  the  Alleghenies. 

After  this  time,  no  important  changes  due  to  ttdding  or  warping 
took  place.  The  whole  region,  with  the  exception  of  the  compara- 
tively small  Trias-Jura  transgression  ni  the  East,  was  never  again 
submerged  below  sea-level,  and  Penn.sylvaiiia  remained  continental 
through  the  i-est  of  the  earth's  history.  Put  tiiis  land  was  subject 
to  other  changes  of  a different  nature;  erosion  and  denudation  took 
place,  the  rivers  which  naturally  began  to  develop  upon  this  land 
tending  to  level  it  down  again.  And  besides,  there  were  again  peri- 
odical oscillations,  times  of  subsidence  alternating  with  times  of 
elevation.  The  lirst  class  never  was  im])ortant,  and  never  carried  the 
continent  below  sea  level;  the  elevations  were  of  greater  consequence; 
after  liaving  been  reduced  to  base-level,  the  country  Avas  lifted  up 
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ilgaiu,  so  that  a new  cycle  of  denudal ion  could  set  iu,  and  change  ilie 
surface  of  the  land. 

If  we  try  to  imagine  what  the  chief  features  of  this  old  land  were, 
we  are  to  consider  first  the  fact  that  the  highest  part  of  it  was  dis- 
tinctly toward  the  East,  in  the  eastern  (or  southeastern  part)  part 
of  the  Allegheny  system.  Consequently,  this  must  have  been  the  back- 
bone of  Ihe  land,  from  which  the  waters  ran  off  in  Iwo  directions; 
towai'd  the  Ernst  (or  Southeast)  into  the  Atlantic  Ocean,  and  toward 
the  West  (or  Northwest)  into  the  interior  basin.  The  latter  drainage, 
however,  must  have  lieen  a very  complex  one.  The  Allegheny  Moun- 
tains, consisting  of  a series  of  chains  running  more  or  less  parallel  to 
the  highest  eastern  elevation,  the  water  courses  must  have  conformed 
to  the  general  strike  (Northeast  to  Southwest)  at  least  iu  the  be- 
ginning, and  only  by  cutting  across  the  various  chains  was  it  possilde 
1o  establish  the  geaiei'al  Western  or  Northwestern  drainage.  This 
resulted  in  a system  of  streams  running  in  their  headwaters  within 
the  mountains,  parallel  to  the  strike  of  the  latter,  and  breaking 
through  the  latter  at  various  I’loints  iu  a Northwestei-ly  direction. 

In  the  second  place  we  are  to  consider,  that,  since  the  highest 
mountains  were  located  in  the  East  of  the  system,  the  way  to  the 
Atlantic  Ocean  was  much  shorter  and  direct  to  sea  level  than  on 
the  'Western  side.  Thus  the  power  of  erosion  of  the  Atlantic  streams 
was  much  greater  than  that  of  the  rvestern.  The  consequence  must 
have  been,  that  erosion  was  going  on  much  faster  on  the  Atlantic 
side,  and  thus  a number  of  streams  gradually  sawed  through  the  high- 
est chain,  the  original  divide,  and  not  only  through  this,  but  also 
through  some  of  the  parallel  ridges  lying  to  the  West  of  it.  This  re- 
sulted in  what  is  called  streavi-pirari/,  (he  Atlantic  streams  advancing 
their  headwaters  westward,  and  tapping,  robbing  or  capturing  the 
^Vestern  streams,  thus  deflecting  the  course  of  their  waters  eastwai'ds, 
and  turning  it  directly  to  the  Atlantic.  This  stream-piracy,  and  llie 
continuous  tendency  of  the  Atlantic  rivers  to  encroach  upon  the 
Western  waters  is  the  most  prominent  and  important  feature  of 
drainage  changes  in  the  Alleghenies  of  Pennsylvania,  aird  all  the 
large  Atlantic  rivers  (Delaware,  Susquehanna  and  Potomac)  show 
ample  evidence  of  it,  their  headwaters  occupying  most  of  the  present 
Allegheny  mountain  system,  originally  belonging  to  the  western 
Avatershed. 

These  conditions  prevailed  all  through  the  geological  history  from 
the  end  of  the  Permian  to  the  end  of  the  Tertiary.  WTth  the  begin- 
ning of  the  Glacial  period,  however,  changes  of  another  character 
were  introduced.  But  we  cannot  discuss  these  before  AAm  have  con- 
sidered the  'Western  drainage  more  closely. 

As  has  been  said,  the  Western  (or  Northwestern)  slope  of  tlie 
Allegheny  system  gave  the  original  general  direction  of  the  drainage. 
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This  drainage  was  toward  the  so-called  interior  basin,  which,  as  is 
generally  accepted  hitherto,  in  turn  drained  into  the  Gulf  of  Mexico 
(or  a northern  extension  of  it).  This  is  the  Mississi])pi  River.  This 
may  have  been  I lie  case  at  certain  times.  But  if  we  turir  our  sjiecial 
attention  to  the  latm-  periods,  chiefly  to  the  Tertiary,  this  Southern 
ouflei  of  tin*  intcn-ior  basin  becomes  somewhat  doubtful.  The  present 
writer  is  aware  of  tlu^  fact,  tliat  generally  the  existence  of  a Tertiary 
Ylississijipi  is  not  (luestioned,  and  that  it  is  taken  for  granted  that 
in  Tertiary  times  the  Uh'stern  slopes  of  the  Alleghenies  sent  their 
waters  tinally  to  the  Gulf  of  Mexico.  Yet  in  the  coui-se  of  his  studies 
(and  of  those  of  othei-s)  facts  have  come  to  light,  which  contlict  with 
this  assumption.  lie  has  tried  to  collect  the  evidence  furnished  by 
the  distribution  of  freshwater  creatures,  but  the  geological  and  jihysi- 
ogia]ihical  line  of  evidence  is  most  important,  and  hei’e  the  featui'es 
of  the  interior  basin  are  rather  poorly  known,  at  any  late,  too  jiooily 
to  j,>ermit  a final  conclusion  with  reference  to  the  Tertiary  drainage 
of  ;he  interioi-  basin.  Nevertheless,  facts  are  at  hand  which  indicate 
Hail  the  'I'cri id rij  (Jiiticl  of  the  interior  basin  iras  not  to  the  ^oath, 
but  in  the  ojipositc  (lircc.tinn,  to  the  Xoiih  and  Xnrtheast . This  means 
to  say,  that  in  the  Tertiary  there  was  no  lowei*  tMississpijii  River, 
and  tliat  the  prc'sent  Mississip])!  itself,  as  vvell  as  its  chief  trilmtaries, 
the  Ohio  and  Missonii,  are  comparatively  recent  drainage  featuies, 
and  are  directly  due  to  and  produced  by  rhe  Glacial  iieriod,  the  ad- 
vance of  an  ice  sheet  from  the  North,  which  stopped  the  northward 
flow  of  the  waters,  and  forced  tliem  to  seek  another  outlet,  which  they 
found  liy  vhat  is  now  known  as  the  lower  Mississipjii. 

h is  not  the  jdace  here  to  give  the  evidence  for  this  hyjiothesis, 
but  I lie  writer  hojies  to  be  abb*  to  do  so  elsewhei-e.  It  may  also  be 
said  that  the  evidence  is  by  no  means  complete  or  conclusive;  on  tin* 
contrary,  it  is  rather  fi-agmenlary,  iiut  the  attention  of  geologists, 
jihysiograjiheis  and  biologists  should  be  directed  to  this  fascinating 
((uestion,  and  it  is  ijiti-odnced  here  merely  as  a woi-king  hy])olhesis, 
u hich  is  ( ajmble  of  (*x|>laining  certain  facts,  and  for  which  additional 
ecidence  may  be  (liscov<‘i  ed.  Here,  I only  intend  to  give  a very 
general  sketch  of  wlia.t  1 think  mikht  have  been  the  drainage  condi- 
tions of  the  inteiior  basin  in  /ber/b/e/n/  times. 

AVest  of  the  Allegheny  monntains  is  the  Allegheny  plateau.  In  its 
southeim  ])arts,  this  jhateau  extends  consideiably  westwai'd,  and  is 
knoun  as  the  Gnmberland  })lateau.  It  is  (hen  inten-upled  by  the 
Itresenl  Mississip])!  valley,  but  on  the  othei-  side  of  the  latter  we  find 
the  elevation  of  the  old  Ozarlc  mountains  (in  Arkansas,  Missouri, 
and  extending  farther  North).  The  Ozarks,  again,  are  connected 
westwards  with  the  high  western  }.)lains,  lying  in  fi-ont  of  the  Rocky 
mountains  system. 
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Assuming'  lliat  the  present  Mississippi  valley  separating  the  Cum- 
berland plateau  and  the  Ozarks  is  of  modern  origin,  and  that 
these  two  elevations  originally  were  connected,  we  obtain  thus  an 
interior  basin,  ^^  hich  is  well  delined  by  a soul  hern  elevation,  which 
is  also  well  delined  toward  the  East,  by  the  Alleghenies,  and  to  the 
A^'est,  by  the  western  plains  and  Hocky  mountains,  but  has  no  sharp 
demarkation  toward  the  Aorth,  and  it  is  believed  that  in  this  direction 
toward  the  North,  was  the  natural  and  original  outlet  of  this  great 
basin.  And  i)robably  there  were  two  outlets;  one  toward  the  North 
and  the  Artie  Ocean,  the  other  toward  the  Northeast,  by  way  of  the 
present  St.  Lawrence  basin.  The  writer  believes  that  the  inesent 
Tennessee  and  Cumberland  Kivei's  are  the  headwaters  of  the  master 
stream  running  North  |(.)ld  ^lississippi  i,  while  the  headwaters  of  the 
other,  northeasterly  tlowing  river  are  to  be  sought  in  the  streams  tlow- 
ing  down  the  northwestern  slojte  of  the  Alleghenies  in  West  Virginia 
and  Pennsylvania. 

The  latter  river-system  concerns  us  especially,  and  happily,  we  are 
rather  well  informed  about  it,  for  it  has  been  frequentlj’  discussed 
in  literature.  The  master  stream  which  collected  all  the  waters 
coming  from  western  Pennsylvania  is  known  l)y  the  name  Erigan 
river.  As  is  generally  conceded,  it  ran  about  along  the  axis  of  the 
present  Lakes  Ei'ie  and  Ontario,  but  the  direction  of  the  How  is  under 
dispute;  some  assume  that  it  was  toward  the  Southwest,  while  accord- 
ing to  others  it  was  toward  the  Northeast. 

The  latter  assunqAioii  would  agree  with  our  theory.  That  there 
was  no  Ohio  i-iver  in  Preglacial  times  is  a well  sup]iorted  fact,  and 
all  the  streams  of  this  region  coming  down  from  the  Alleghenies  and 
now  em]ttying  into  the  Ohio,  once  continued  theii-  course  avross  the 
present  Ohio  valley,  in  a northwesterly  or  northerly  direction,  till  they 
finally  collected  in  the  Erigan  river,  which,  under  onr  assumption, 
finally  carried  its  waters  tonard  the  St.  Lawrence  Gulf. 

If  this  was  the  case,  we  see  that  also  the  western  drainage  of  the 
Alleghenies  in  Pennsylvania  was  an  Atlantic  drainage,  a fact,  which 
we  should  keep  in  mind,  for  it  is  important  for  the  explanation  of  the 
origin  of  onr  freshwater  fauna. 

The  advance  of  the  ice  sheet  from  the  North,  in  Gldcinl  time,  couhl 
have  but  one  effect  u])on  these  hypothethical  preglacial  streams.  The 
ice.  advancing  mostly  up  hill,  from  the  mouth  toward  the  sources  of 
the  streams,  must  have  acted  as  a dam,  preventing  the  northern  dis- 
charge of  the  waters,  and  must  have  first  formed  lakes  in  the  valleys. 
The  asumption  of  this  lake-stage  is  well  supported  in  our  region.  The 
waters  of  these  lakes  rose  until  they  finally  found  an  outlet,  and 
thus,  for  instances,  the  Ohio  Avas  formed.  The  direction  of  the  new 
outlet  was  naturally  determined  by  the  edge  of  the  ice,  and  the  slope 
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of  1lie  couuti-y.  Similar  conditions,  matatis  mutandis,  are  known  to 
have  prevailed  in  the  present  Upper  Missouri  region,  and,  if  the 
general  theory  is  correct,  the  same  processes  which  took  place  in  de- 
tails, must  have  taken  place  with  reference  to  the  entire  system;  the 
Avaters  of  the  tvhole  interior  basin  finally  Avere  forced  to  overfloAV 
at  a certain  point  of  the  old  southern  di\dde,  and  this  point  is  situated 
where  now  is  the  southern  outlet,  in  the  present  Mississippi  valley. 
This  outlet  probably  Avas  forced  early  in  the  Glacial  period. 

The  historji  of  the  postglacial  drainage  in  PennsylAmnia  is  Avell 
knoAvn.  AVhen  the  ice  retreated,  lakes  formed  in  front  of  it,  Avliich, 
in  the  beginning,  drained  South  and  SouthAvest,  into  the  Mississippi, 
lint  later  a neAv  drainage  Avas  established,  or  rather  a part  of  the 
Tertiary  drainage  Avas  re-established,  although  modified,  and  the  most 
important  feature  is  the  present  St.  LaAvrence  drainage,  AAdiich  carries 
part  of  the  AAmters  of  the  interior  basin  again  toAvard  the  St.  LaAvrence 
Gulf  and  the  Atlantic.  The  larger  part,  lioAveAmr,  of  the  interior  basin 
continued  to  send  its  Avaters  tlirough  the  neAV  channel  of  the  loAver 
^lississippi  into  the  Gulf  of  Mexico. 

^Ve  conie  noAV  to  the  consideration  of  tlie  origin  and  the  develop- 
ment of  the  freshwater  fauna  of  Pennsi/Iva)iia.  The  various  groups 
of  fresliAAmter  animals  are  of  difierent  value  for  this  study.  Some  of 
lh(‘m  posses  a distribution  vdiich  is  entirely  unfit  to  be  studied  Avith 
lids  question  in  view.  These  are  chietly  those  groups,  Avhich  possess 
unusual  means  of  dispersal,  that  is  to  say,  Avhich  are  easily  carried 
across  land  from  one  river  system  to  another  (by  Amrious  agencies.) 
Others  are  more  restricted  in  their  distribution,  and  eAudently  meet 
difficulties  i,n  ]»assing  from  one  river  system  into  others,  unless  there 
is  an  actual  Avater  connection.  But  again,  some  of  the  latter  are  too 
poorly  known,  and  their  distribution  in  Pennsylvania  has  not  been 
studied  sufficiently,  to  make  an  attempt  at  generalisation  a safe  task. 
In  fact,  tliere  are  only  two  groups  for  Avhich  satisfactory  data  are  at 
hand;  The  craAvfishes  of  the  genus  Camha.rtis,  and  the  fresliAvater 
mussels  or  clams,  the  Isfajades.  There  are,  hoAvever,  other  groAips 
(fishes  and  certain  Gastropods  or  fresliAvater  snails),  Avhich  very 
likely  will  prove  to  be  impoi’tant.  but  are  not  yet  Avorked  up. 

As  Ave  have  seen,  the  oldest  differentiation  of  the  drainages  of  Penn- 
sylvaida  is  that  betAveen  the  eastern  and  western  slope  of  the  Al- 
leghenies. (I  bis  is  well  expressed  in  Die  fauna.  Of  course,  we  cannot 
expect  that  ; aleozoic  (Permian)  conditions  are  recognizable,  since  it 
is  Laid  to  demons  (rate  that  any  forms  of  our  freslnvater  life  go  back 
to  these  times  a.  The  most  important  changes  of  our  drainage  sys- 
tem took  place  later,  in  the  Tertiary  and  Glacial  jieriods,  and  thus 
Av<‘  should  look  for  indications  of  these  conditions  in  our  present 
fauna. 

a.  Oryptobranchus  and  Necturus,  our  great  salamanders  surely  are  very  old,  but  it  can 
hardly  be  said  that  they  express  paleozoic  conditions. 
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The  difference  of  the  Atlantic  fanua  IToni  the  western  is  rather 
striking  in  the  two  groups  named  above.  Nevertheless  it  is  evident 
that  the  Atlantic  I'anna  is  not  fundamentally  different  from  the  otheiv 
but  shows  certain  relations  to  it,  which  we  should  be  able  to  connect 
with  the  past  histoi-y  of  the  drainage  systems.  In  the  gionps  studied 
by  myself,  crawffshes  and  mussels,  this  i-elatiou  is  clearly  expressed 
by  the  fact  that  juaictically  all  Atlantic  forms  show  affinities  to  forms 
existing  somewhere  in  the  central  basin.  On  the  other  haud,  there 
are  many  forms  in  the  interior  basin-fauna,  which  are  entirely  absent 
in  the  Atlantic  fauna.  This  leads  to  an  important  conclusion:  the 
interio)'  fainia  is  the  older  one,  and  the  interior  basin  was 
the  center  of  origin  of  all  these  forms,  and  the  Atlantic  side  re- 
ceived its  forms  secondarily  by  migration  from  the  inte)ior  basin. 
This  brings  uji  the  fundamental  question;  which  was  the  route  of  mi- 
gration, by  which  the  Atlantic  slope  was  populated,  and  we  are  to  dis- 
cuss several  possibilities  in  this  report. 

1.  The  crossing  of  the  divide.  This  may  have  taken  place  at  any 
time  during  the  histoiy^  of  our  continent,  and  may  have  been  possible 
in  different  ways. 

a.  The  most  simple  way  is  by  migration  or  tranpurt  over  land,  but 
this  involves  that  the  forms  concerned  must  be  able  to  go  out  of  the 
water,  and  to  walk  over  land,  or  that  they  are  able  to  stand  transport 
over  land  or  through  the  air  (bj^  birds,  for  iustancei.  In  certain 
groups  of  freshwater  animals,  chiefly  the  smallei-  forms,  this  seems 
to  be  a regular  way  of  dispersal,  and  we  know  indeed  a great  number 
of  creatures  which  apparently  have  formed  their  distribution  under 
the  influence  of  this  factor.  Naturally  the  present  distribution  can- 
not indicate  much  of  the  original  conditions  any  more,  and  these  are 
just  the  cases  of  which  I have  said  above  that  they  do  not  furnish 
much  enlightment  as  to  the  study  of  the  origin  of  the  distribution  of 
the  freshwater  fauna.  One  case  of  a craytish  should  be  mentioned 
especially:  Gambarns  bartoni,  which  lives  in  small  streams  on 
either  side  of  the  divide,  and  undoubtedly  is  able  to  cross  over  from 
one  system  into  another.  From  its  distribution  alone,  we  would  be 
unable  to  tell,  whether  it  belongs  originally  to  the  eastern  or  western 
side. 

b.  Another  way  of  crossing  the  main  divide  of  the  Allegheny  moun- 
tains is  offered  by  stream  piracy.  We  have  seen  that  the  Atlantic 
drainage  has  largely  encroached  upon  the  interior  drainage,  and  by 
taking  away  and  deflecting  the  waters  of  a western  stream,  it  is  only 
natural  that  also  the  fauna  contained  in  it  should  be  taken  over  1(»- 
ward  the  Atlantic  side. 

This  is  apparently  the  case  in  a number  of  instances.  When  the 
freshwater  forms  originally  lived  iu  the  headwaters  of  the  interior 
drainage  this  must  have  happened  rather  regularly,  and  it  should  be 
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a geiieral  plieiiuiiieiioii.  But  the  tauua  of  the  headwaters  is  nut  vei-y 
rich  in  forms  of  tliose  groups  Y’hicli  have  been  more  closely  investi- 
gated. In  the  case  of  the  crawfish  Caiiibraas  hartoni,  mentioned 
above,  the  dispersal  by  this  way  probably  has  taken  place  as  well  as 
by  migration  over  tlie  divide.  Among  the  mussels,  we  have  a few 
cases,  in  which  tliis  dispersal  is  suggested:  Slrophitas  edentiilns  and 
AlaaiiiUloiild  munjinaia.  In  the  first,  the  Atlantic  form  is  absolutely 
undistiuguishable  from  the  western,  in  the  second,  the  Atlantic  form 
represents  a geographical  race  of  the  western,  with  which  it  inter- 
grades, hov  ever.  Both  are  eminently  characteristic  for  small  stremns, 
and  go  up  very  far  in  the  headwaters,  while  they  aie  scarce  or  missing 
in'tiie  lai-ge  rivers.  The  possibility  of  the  crossing  of  the  divide  in 
consequence  of  stream-piracy  thus  ])ec(mies  very  likely,  and  1 do  not 
hesitate  to  regard  these  cases  as  due  to  this  factor.  The  time  of  this 
crossing  cannot  tie  ascertained,  for  it  might  have  been  at  any  time,  but 
the  probal)ilities  are  for  this  having  happened  in  the  Tertiary.  It 
may  happen  again  at  any  time. 

I have  not  l)een  able  to  obtain  any  evidence  as  to  the  special  region 
an  which  the  crossing  was  elfected  in  the  case  of  Slropliitus  edeiitiilus. 
As  to  Alnsinidoiila  marginata  and  its  eastern  variety  vaiicosa,  there 
is  very  positive  evidence  that  it  was  in  the  headwaters  of  the  West 
Uraiich  of  the  t^asqueJiaiiiia,  for  in  this  region  a shell  is  found,  which 
is  more  nearly  like  the  western  shell,  in  fact  is  a perfect  intergnade. 

In  addition,  lecent  studies  have  brought  to  light  a third  case, 
ttjjiuplnjuota  viridis.  This  shell  was  known  hitherto  to  exist  only  on 
the  Atlantic  slope.  But  it  is  also  in  (he  headwaters  of  the  Kanawha 
river  in  West  A’irginia,  and  from  here  (New  river]  it  apparently 
crossed  over  by  stream  jiiracy  into  \Ti-ginia,  and  spread  out  into  other 
Atlantic  rivers. 

Also  another  case  of  a crawfish  should  be  mentioned  in  this  connec- 
tion, that  of  Cainhanis  diogenes.  Practically  identical  forms  of  it 
are  found  East  and  West  of  the  mountains,  but  not  in  the  mountains. 
This  case,  however,  is  yet  obscure,  and  requires  further  investigation 
(see  below). 

2.  The  fact  that  the  rejiresentative  forms  on  either  side  of  tbe 
mountains  are  identical  or  at  least  consjiecific,  is  important.  In  all 
other  eases,  to  he  discussed  presentJg.  specific  distinctness  of  the 
Atlantic  and.  the  icesteni  form  representing  it  is  posilivelg  assiij-cd. 

Looking  over  these  cases,  we  may  distinguish,  in  the  Atlantic  fauna, 
two  etenients:  the  one  possesses  distinctly  relations  in  the  fauna  of 
the  interi(u-  basin,  if  not  in  western  Pennsylvania,  somewhere  in  other 
parts  of  the  Ohio-di-ainage.  It  is  not  always  a group  of  two  species, 
wliicli  is  thus  related,  but  sometimes  on  the  one  or  the  other  side 
several  s])ecies  may  be  concerned;  and  further,  it  is  almost  a general 
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rule  that  these  species  do  not  go  into  the  mountains,  or  at  least  re- 
main away  from  the  small  mountain-streams. 

The  following  instances  are  at  hand : 

Cambariis  indianensis  and  sloanei  of  the  Ohio  drainage  in  Indiana 
and  Kentucky  are  represented  on  the  Atlantic  side  by  G.  litnosns. 
The  latter  goes  from  southern  New  York  to  Virginia,  but  farther 
South  no  ti-ace  of  a representative  form  is  found. 

Alasniidonta  calceohts,  distributed  westward  from  eastern  Ohio, 
is  represented  on  the  Atlantic  drainage  by  Alasmidonta  heterodon, 
which  goes  from  New  England  to  Virginia,  but  not  further  South. 

Anodonta  grandis,  of  wide  distribution  westward  from  western 
Pennsylvania  has  a representative  in  eastern  Pennsylvania  in  Ana- 
donta  cataructa.  The  latter  is  found  from  Maine  and  Canada  to 
North  Carolina.  Allied  forms  are  found  southward  to  Georgia,  but 
hardly  westward  on  the  coastal  plain  of  the  Gulf. 

Lampsilis  luteola,  a common  form  of  the  Ohio  drainage,  is  repre- 
sented East  of  the  mountains  by  Lampsilis  radiaia,  which  spreads 
from  Canada  and  New  York  probaldy  to  Georgia,  but  disappears 
farther  South  and  West. 

Laaipsilis  ventricosa  (and  some  closely  allied  foi-nis),  common  in 
the  Ohio  drainage,  have  in  Lampsilis  cariosa  and  ocliracea  their 
representatives  on  the  Atlantic  side;  both  go  fi'om  New  England  to 
Virginia,  but  hardly  farther  South. 

In  all  tliese  species  we  observe  one  striking  fact  on  the  Atlantic 
side;  their  distribution  is  rather  restricted  to  the  northern  sections 
of  the  eastern  slope  of  the  Alleghenies,  ’the  adjacent  Piedmont 
plateau  and  the  Coastal  plain.  In  general  they  go  southwards  to 
Virginia  and  the  Carolinas,  rarely  a little  farther  South,  but  there  is 
no  expansion  of  these  types  westward  over  the  coastal  plain  of  the 
gulf.  Thus  their  center  of  disti'ibntion  and  of  development  isi  dis- 
tinctly in  the  Northern  section  of  the  Atlantic  slope,  and  this  sug- 
gests that  they  did  not  come  from  the  South,  or  else  traces  of  this 
migration  should  have  been  left  there.  On  the  other  hand,  we  see 
that  the  westei-n  s])ecies  most  closely  allied  to  these  Atlantic  forms 
are  uniformly  found  in  I he  jn-esent  Ohio  drainage,  i.  e.,  in  the  north- 
eastern section  of  the  interior  basin,  Avhich,  as  we  have  seen  above, 
was  supposedly  drained,  in  Pregiacial  times,  by  the  Erigau  river. 
If  our  conception  of  this  drainage  is  correct,  is  was  part  of  the  At- 
lantic drainages  and  thus  it  would  not  be  astonishing  that  the  easl- 
ern  forms  representing  them  belong  to  the  northern  part  of  the  At- 
lantic slope;  for  the  latter  probably  was  much  better  developed  in 
the  North  in  the  past.  It  is  entirely  possible,  that  the  western  species 
having  reached  the  lower  parts  of  old  Erigan’ river  (present  lower  St. 
Lawrence  region),  spread  southward  over  the  coastal  plain,  because 
10 
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it  is  veil  known,  that  the  chances  of  niigcating  from  one  river  to 
another  are  innch  more  favorable  in  the  lowlands,  than  farther  np- 
sti'eain. 

e thus  come  to  the  conclusion,  that  these  forms,  the  crawfishes 
and  shells  named  above,  reached  the  Atlantic  sloi)e  ?i//  (nound 

the  AUegltetiji  si/stciii  in  the  Koi  th,  liy  a northern  route  of  migration, 
A\hich  followed  down  Tertiary  Erigau  ri\er  to  the  northern  j)arts  of 
the  .\tlantic  coastal  jdain,  and  then  along  this  |dain  to  various  dis- 
tances to  the  South.  Bnt  this  migration  did  not  I'cach  the  (Inlf  ])lain; 
generally,  it  stopp'ed  iji  N'irginia  or  the  Carolinas. 

'V'N  ith  the  advent  of  tlie  (tlacial  period  important  changes  took 
place  with  regard  to  this  Erigau-Atlantic  fauna.  The  ice  covered  all 
of  the  lower  system  of  the  Ei-igan  river,  killing  its  fauna,  and  re- 
stricting it  to  more  southern  ])arts,  and  there  were  only  two  chances 
lor  this  fauna  to  survive:  in  the  southern  lieadwaters  of  the  original 
Erigau  system,  w(‘sl  of  the  mountains,  and  in  tliose  parts  of  the 
Atlantic  system,  ^^'hi(•h  were  not  covered  by  the  ice  (from  A^ew  Jersey 
and  eastern  !*ennsyl\'ania  southwards.!  This  produced  an  interru])- 
tion  of  the  originally  continuous  range,  and  these  two  glacial  "re- 
fugia”  of  this  fauna  became  sejiarated  from  each  other.  This  separa- 
tion ])robably  was  the  essential  factor  tending  toward  specific  ditfer- 
entiation  of  the  eastern  and  western  forms.  The  present  distribution 
of  the  Atlantic  s]>ecies  into  the  glacial  area  of  New  York,  New  Eng- 
land, etc.,  of  course,  must  be  regarded  as  a postglacial  expansion  of 
the  range. 

J-  We  have  another  group  of  freshwater  foi-ms  in  the  Atlantic 
draiiuige  of  Pennsylvania,  which  shows  entirely  different  conditions 
with  regai-d  to  systematic  affinity  and  geographical  distribution.  The 
following  cases  illustrate  this: 

Cainbariis  hldiulingi  is  found  on  the  coastal  plain  from  New  Jersey 
and  southeastern  Pennsylvania  h,  southwards  over  the  whole  Atlan- 
tic and  (tulf  plain,  and  goes  nj)  the  Mississippi  valley  to  the  region 
of  the  Great  Lakes.  The  westeim  form  is  distinguislied  as  a variety. 
The  ceiUre  of  the  group,  to  which  this  species  belongs  lies  unmistak- 
ably on  and  at  the  foot  of  the  southern  extremity  of  the  Appalachian 
system. 

Unio  ginxi nd nft  (and  a few  closely  allied  forms)  goes  northward  to 
the  Potomac  drainage  in  southeastern  Pennsylvania.  It  is  a south- 
ern type  of  shell,  going  to  Geoi-gia,  and  to  the  Gulf  ]»lain.  No  closely 
related  forms  ai-e  found  in  the  interior  basin. 

Vnio  coinphniatns,  goes  from  New  Plngland  to  the  ttulf  plain,  and 
has  no  allied  forms  in  the  interior  basin. 

.UasmidO)ita  undnlatn,  is  distributed  from  New  England  to  North 


b.  This  species  is  not  mentioned  as  found  in  Pennsylvania  in  my  memoir  on  the  craw- 
fishes of  this  State.  It  exists,  however,  as  I discovered  subsequently  in  great  numbers 
in  the  ditches  of  the  Delaware  meadows  at  League  Island,  Philadelphia  ’ 


STATE  OP  PEXASYLVxiNIA. 


145 


Carolina,  and  lias  some  closely  allied  forms  in  iSoulli  Carolina  and 
Georgia.  This  type  of  shell  is  entirely  missing  in  the  interior  basin. 

The  difference  in  the  distribution  of  these  species  (from  those  dis- 
cussed under  2 l is  quite  evident.  The  center  of  the  distribution  of 
them  is  located  emphatically  Ui  ilie  southern  section  of  the  Atlantic 
slope,  or  even  u])on  the  Gulf  plain,  and  closely  allied  forms  are  not 
found  in  the  interior  basin,  or  (in  Camhanis  hlointiiifii ) do  not  be- 
long to  the  northeastern  section  of  it.  This  teaches  ns,  that  Ave  have 
to  assume,  for  these  four  forms,  a southern  centre  of  dispersal,  and 
that  their  presence  in  Pennsyhmnia  must  be  explained  by  a nortliAvard 
migration  along  the  Atlantic  coastal  plain.  The  time  of  this  migra- 
tion is  hard  to  define,  for  they  may  have  come  at  any  time.  Of  course, 
the  expansion  of  these  species  into  the  glaciated  area  (North  of  New 
Jersey)  must  have  been  postglacial. 

The  above  discussion  leads  up  to  the  assumption  of  a fourfold  origin 
of  the  freslnoater  fauna  of  the  Atlantic  drainafie  of  thnns/ilrania : 

1.  Species  which  are  liable  to  be  regularly  dis])ersed  by  ]»assivT 
transport  or  active  migration  (wer  the  divide  formed  by  flie  Allegheny 
mountains. 

2.  Species  Avhich  have  been  transferred  from  the  western  to  the  east- 
ern drainage  by  stream  piracy. 

3.  Species  which  reached  the  Atlantic  side  by  a ronnd  aliout  Avay, 
coming  from  the  western  side,  but  going  around  the  mountains  in 
the  North. 

Jf.  Species  coming  from  the  South,  from  a centre  of  radiation  si- 
tuated in  the  southern  Atlantic  or  Gulf  coastal  plain. 

We  have  yet  to  discuss  the  origin  of  our  irestern  and  northern 
fauna.  As  has  been  said,  the  irestern  fauna  probably  belonged  oiagin- 
ally  to  the  old  Erigan  river,  and  in  Preglacial  times  (here  was  no 
northern  fauna  ditferentiated.  J’he  Erigan  fauna  undoubtedly  be- 
longs to  the  fauna  of  the  interior  basin,  at  least  it  must  have  been 
deriA-ed  from  an  old,  Preteriary,  general  fauna  of  the  interior  basin, 
There  are  no  data  at  hand,  at  the  present  time,  which  enable  us  (o  dis- 
tinguish the  tAvo  old  faunas  of  the  Erigan  riA'er  and  the  old  Mississippi 
tioAA'ing  to  the  North,  c.  This  task  is  difficult,  foi-  (he  system  of 
these  tAvo  old  rivers  probably  fi-equently  intei'connnnnicated  from  the 
Gretaceous  to  (he  Glacial  periods.  We  have  reason  (o  assume  that  the 
fauna  of  the  interior  basin,  in  a large  part,  oi-iginated  in  tin'  West  and 
SoutliAA’est  of  our  continent;  but  during  i)ar(  of  the  Ci-etaceous,  and 
in  the  Tertiary  it  formed  an  independent  centre  of  differentiation  and 
radiation,  from  which  AvaA'es  of  migration  spread  in  all  directions  d. 

c.  I have  succeeded,  however,  in  one  case,  to  correlate  the  distribution  of  certain  western 
cawfishes  of  the  Cambarus  prolinquus  group  with  the  preglacial  courses  of  the  tributaries 
of  the  Erigan  river.  I cannot  introduce  this  evidence  here,  since  the  region  concerned  lies 
largely  outside  of  our  State. 

d.  One  important  and  comparatively  ancient  wave  went  over  the  southern  divide  from 
Tennessee  into  the  Alabama  system,  developing  there  into  an  additional  secondary  centre 
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The  developlJieut  of  the  northern  (St.  Lawrence)  fauna  is  quite 
clear.  As  we  iiave  seen,  the  northern  parts  of  the  Erigan  drainage 
were  covered  by  the  ice.  At  the  beginning  of  the  retreat  of  the  ice, 
it  was  transformed  into  a part  of  the  Mississippi  basin,  and  the  waters 
which  collected  at  the  southern  edge  of  the  ice-sheet  discharged  into 
this  common  outlet,  and  thus  it  is  to  be  expected,  that  the  fauna  of  the 
(ireat  Lakes  and  the  present  St.  Lawrence,  which  originally  were 
parts  of  this  drainage  system,  should  show  distinct  affinities  to  that 
of  the  < )hio-Mississippi. 

This  is  indeed  the  case.  We  have  in  Penns^dvania,  in  Lake  Erie 
and  its  drainage,  a distinctly  icesiern  fauna  of  crawfishes  and  shells. 
The  only  lake-siiecies  of  crawlishes,  Caiiiharus  propinqaas,  is  western 
in  its  distribution,  and  among  the  mussels  we  have  the  same  condi- 
tions, at  least  in  the  majority  of  the  cases.  Of  about  22  species  of 
Najades  known  to  me  from  the  lake-drainage  in  Pennsylvania,  21 
distinctly  ])oiiit  to  an  immigration  trom  the  West,  probably  in  most 
instances  through  the  old  iilaumee  Kiver,  which  once  flowed  toward 
and  in  the  direction  of  the  Wabasli.  This  immigration,  of  course, 
falls  in  the  Glacial  time.  At  the  end  of  the  Glacial  time  this  western 
discharge  was  reversed,  and  the  waters  began  to  How  again  in  a north- 
easterly direction.  With  this  the  present  8t.  Lawrence  system  was 
inaugurated,  and  its  fauna  became  separated  from  that  of  the  Ohio- 
iMississippi.  This  afforded  a chance  to  the  St.  Lawrence  species  to 
start  upon  different  lines  of  evolution,  and  we  may  observe,  indeed, 
and  chiefly  so  under  the  peculiar  environment  furnished  by  Lake  Erie, 
that  most  of  these  types  of  the  interior  basin  show  a distinct  tendency 
to  become  different  in  the  lake;  they  are  mostly  sharply  marked  local 
races,  if  not  good  species. 

I have  tried  to  give  above  a general  sketch  uf  the  geological  origin 
of  our  freshwater  fauna,  quoting  particular  instances,  in  which  the 
origin  is  rather  clear.  We  see  that  we  ha^ne  three  chief  groups  among 
our  freshwater  animals:  western,  eastern  and  northern.  Tbe  west- 
ern element  is  the  oldest,  and  forms  jtart  of  an  old  fauna  of  the  in- 
terior basin,  which  goes  back  at  least  to  Pretertiary  times.  The  east- 
ern fauna  generally  immigrated  info  I he  section,  where  il  is  now 
found,  along  rout(*s  .set  forth  in  detail  above.  11  can  bo  traced  back  to 
the  fauna  of  the  inferior  basin,  and  consequently  must  be  somewhat 
younger.  The  northern  element  in  our  fauna  is  the  youngest,  but 
also  goes  back  to  that  of  the  interior  basin. 

For  the  present  there  is  no  indication  that  there  ever  was  an  in- 
dependent centre  of  development  and  radiation  of  freshwater  crea- 
tures on  the  eastern  side  of  the  Alleghenies.  Put  instances  of  this 
kind  may  turn  uj). 

In  conclusion,  I should  tidd  <t  few  isohilt-d  cases,  which  do  not  fall 
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under  the  rules  laid  down  above,  and  require  s[)ecial  explanation. 
Some  of  these  oases  are  vet  rather  oliscure. 

1.  The  burrowiii;*  oiawtish.  f'auihants  diogeues,  mentioned  above, 
is  found  both  in  western  Pennsylvania  and  in  the  most  eastern  parts 
(Delawai'e  loivlands. ) The  difference  of  the  two  forms  are  very  slight 
and  hardly  amount  to  much.  The  eastern  and  westei  ii  ranges  of  this 
species  seem  to  be  entirely  discontinuous,  but  the  facts  of  the  distri- 
bution, chiefly  in  the  South,  are  incompletely  known.  For  the  ])resent 
it  is  impossible  to  classify  this  case,  and  considering  that  this  form 
with  its  peculiar  habits  (burrowing)  must  be  subject  to  laws  different 
from  those  governing  the  distribution  of  other  freshwater  creatures, 
Ave  are  to  expect  that  the  explanation  also  must  here  form  a class  of 
its  own. 

2.  We  have  in  Lake  Erie  and  in  the  Delaware  river  drainage  a 
species  of  shell,  Lampsilis  nasnia,  in  ivliich  individuals  from  the  tivo 
sides  are  absolutly  undistinguishable.  In  our  Atlantic  drainage,  this 
si)ecies  is  restricted  to  the  Delaware,  and  is  not  found  in  the  Susipie- 
hanna  and  Potomac.  Northward  it  is  widely  distributed  over  New 
York,  and  goes  to  New  England.  Westivard  it  goes  through  the  lake- 
region.  In  the  Mississii)pi  drainage  it  is  represented  by  an  allied 
species.  At  the  first  glance,  Ave  might  class  this  Avith  the  rest  of  fhe 
Lhke  hlrie  forms,  and  take  it  for  modified  form  of  the  interior  basin. 
Put  its  occurence  in  the  loAver  DelaAvare  (abundant  near  Philadephia  ) 
is  exceptional.  It  is  possible,  that  here  it  is  a A^ery  recent  imigraut, 
coming  from  the  St.  LaAvn-ence  drainage  thi-ough  Erie  canal  (see  be- 
low) but  this  explanation  does  not  seem  to  be  \’ery  satisfactory,  be- 
cause othei'  forms,  which  have  spread  eastAvard  through  the  canal 
do  not  haA'C  the  same  distribul  ion. 

S.  A ATi-y  singular  case  is  seen  in  the  distribution  of  the  freshwater 
pearl-mussel,  Margaritana  iiiaigariiifeia.,  Avhich  is  found  in  Pennsyl- 
Amnia,  exclusiA^ely  in  the  headAAnters  of  the  Litile  Schuylkill  river,  in 
Scliuylkill  county.  This  is  the  most  southern  extension  of  its  range 
in  northeastern  America,  AAdiere  it  goes  nortliAvard  as  fai-  as  NeAv 
Foundland.  It  is  the  only  species  of  North  American  Najades,  which 
is  found  outside  of  our  continent  (norlhern  Europe  and  Asia).  This 
distribution  is  quite  unique,  and  forms  a case  by  itself,  and  il  is  clear 
that  it  cannot  l)e  connected  with  the  general  centre  of  our  Najades  in 
the  cenlral  basin.  The  generally  accepted  opinion  is,  that  in  Pre- 
glacial times,  Maigaritand  had  a more  or  less  circum  polar  distribu- 
tion and  that  it  came  to  this  country  by  way  of  Iceland  and  Green- 
land. Its  range  was  largely  destroyed  in  Glacial  times,  but  at  certain 
places  it  survived  South  of  the  edge  of  the  ice.  One  of  the.se  glacial 
preserA^es  (refugia)  Avas  in  the  mountains  of  eastern  Pennsylvania, 
and  this  species  is  to  l)e  regarded  as  a glacial  relic  in  Pennsylvania. 
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lt!s  [>ieseiil  rauge  in  nordieastern  America,  of  course,  is  due  to  post- 
glacial migration. 

.'/.  Finally  we  are  to  consider  the  cases  of  recent  changes  of  dis- 
tribution. They  have  been  brought  about  by  human  action  chiefly  by 
the  building  of  canals,  which  connect  different  river  systems,  and  thus 
give  to  the  fauna  an  oi)po]-tunity  to  spread.  Huch  changes  have  been 
j)oinled  out  by  the  writer  in  certain  species  of  crawfishes:  Gainlnirus 
liiiiosiis  of  the  large  easteiai  rivers  has  migrated  largely  along  the 
Pennsylvania  canal ; C.  ohscuriis  of  western  Pennsylvania  has  invaded 
the  Erie  drainage  ])robably  through  the  Erie-Beaver  canal.  Ju  one 
case,  the  western  0.  obscunts  has  been  found  in  AVills  creek,  in  Bed- 
ford county,  in  a tiabutaiw  of  the  Potomac.  This  we  cannot  explain 
except  by  artificial  trans])lantation  e. 

Among  the  mussel-shells,  we  may  have  similar  cases,  at  least  in  one 
region,  namely  in  northwestern  Pennsylvania,  along  the  mute  of  the 
old  Beaver  canal.  Here  we  have  a number  of  s])ecies,  which  are  found 
exclusively  in  Ihe  headwaters  (or  the  whole  system  i of  Beaver-She- 
nango  river,  and  the  tribniai-ies  of  the  Fjijter  Alleginmy  river,  but 
nowhere  else  in  I'ennsylvania.  These  species  are:  (^iiadriilhi  kirl- 
JaitdiaiKi,  [dninoiit  (nmprc.s.vn,  t^i/Dipbi/nota  coniiiplniiata,  Aiiod- 
oiitd.  iiitebiUis.  A iiodojii i fes  fci'iisy.acid inis,  Ldnipsilis  pdiTd.  But  since 
the  original  conditiems  in  this  region  are  unknown,  we  cannot  decidt*, 
whethci'  Ihe  Beaver  canal  was  res])onsible  for  these  conditions,  or 
sfuiK*  older  natural  connections  of  these  systems. 

in  New  York  Stiite  there  is  direct  evidence  that  the  Erie  canal 
helloed  in  tin*  eastern  extension  of  the  range  of  certain  western  species. 

It  is  to  be  hojted  that  further  study  of  our  freshwater  fauna  will  ad- 
vance* oni-  knowledge  of  it  and  most  desirable  Avonld  be  the  study  of 
such  groups,  as  are*  met  mentiemeNl  in  this  pa]>er. 
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APPENDIX  F 


A PERIDOTITE  DIKE  IN  FAYETTE  AND  GREENE  COUNTIES. 


BY  LLOYD  B.  SMITH. 


J NTKOI  >UCTOEY  NOTE. 


'i’lii.s  occuraiice  ol  peridotite  is  believed  to  be  the  second  of  tlie 
kind  ill  the  Appalachian  coal  held,  the  other  being  in  Elliott  comity, 
Kentucky  (See  U.  S.  Geol.  Snr.  Bull.  No.  38).  In  Livingston  and 
('rittenden  counties,  Kentucky,  a mica-peridotite  is  found,  but  it 
occurs  ill  a fault  (associated  wiih  vein  matter,  chiehy  fluorspar), 
'With  a vertical  throw  of  at  least  800  feel  ( Ddler,  Am.  Jour.  Si.,  3rd. 
Ser.,  ^ ol.  XLIV,  p.  28G,  1892).  The  tiuding  of  the  tojj  of  the  dike  in 
the  Wayiiesbnrg  sandstone,  and  the  thrusting  of  a block  of  the 
same  upwards  is  of  interest,  and  it  must  lie  noted  the  amount  of 
metamorphic  action  is  less  than  would  be  expected. 

There  is  but  little  evidence  regarding  the  age  of  the  dike.  That  the 
intrusion  was  not  until  after  the  deposition  of  the  sliales  overlying  the 
A aynesburg  sandstone  is  evident.  It  seems  equally  clear  it  is  pri'- 
glacial  in  age,  or  at  least  older  than  the  last  ice  invasion,  for  it  was 
earlier  than  the  abandonment  of  the  benches  which  mark  the  horizon 
of  the  Monongahela  waters  preceding  at  least  a portion  of  the  ice 
invasion,  else  we  should  find  surface  flows  from  the  fissure.  It  seems 
hardly  possible  the  time  of  the  intrusion  can  be  fixed  closely. 

The  location  of  the  dike  seems  to  have  much  in  common  with  (hat 
in  Elliott  county,  Kentucky.  In  describing  the  latter,  Mr.  Diller 
quotes  Prof.  Crandall  as  follows:  “The  dike  is  found  near  the  .junc- 
tion  of  two  lines  of  flexure;  one  parallel  to  the  axis  of  uplift  of  the 
coal  measui’es  and  the  other  a transverse  or  secondary  undulation  of 
consideral)le  local  ])roudnence.'’  ( E.  S.  Ceol.  Sui*.  Pull.  No.  38,  p.  29  i. 
How  far  the  slight  “cross  folding”  present  at  Cates  may  have  been 
effective  in  producing  the  rupture  which  allowed  the  molten  mass  to 
rise  is  of  course  mere  conjectur(‘.  If  sufficient  to  cause  the  rupture 
we  should  expect  at  least  some  vei-tical  disi)lacemeut,  of  which  there 
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is  no  evidence,  bnt  the  contrary,  as  shown  by  the  mining  operations. 
It  would  seem  most  probable  the  time  of  How  was  not  connected  with 
the  great  movements  at  the  close  of  the  Carboniferous,  the  disturbance 
is  too  slight,  but  rather  to  a later  time,  the  break  being  the  result  of 
**^owly  accumulating  strains  which  the  rocks  could  not  withstand, 
iVftd  they  broke  trauversly  to  the  general  lines  of  structure,  without 
vertical  displacement.  R.  R.  H. 


A-MRIDOTITE  dike  in  FAYETTE  AND 


(iHEEN  COUNTIES. 


By  Lloyd  B.  Smith. 


So  '■•^^‘aS^.s  known  al  itreseut,  all  the  rocks  outcropiug  in  western 
Beui^oylV'  with  one  exception,  are  stratified ; that  is,  they  have  been 
deposite<^'*^  ^layers  of  sediment  in  water  and  have  since  been  consoli- 
dated uifej  kindstone,  shale,  limestone  or  coal.  The  one  exception  is 
a dike  of  jidridotite  occuriug  iii  western  Eaye.tte  County,  two  and  one 
half  miles  notthwest  of  ^lasoiilown,  and  extending  into  eastern  (ireene 
('ounty.  A dike  may  be  defined  as  a crack  or  fissure  filled  evith  rock 
that  has  been  forced  ui)wards  while  in  a molten  or  plastic  condition. 
1‘eridotite  is  a name  applied  to  rocks  composed  largely  of  olivine  or  of 
serpentine,  the  alteration  product  of  olivine. 

The  dike  under  discusioii  was  noticed  by  the  early  residents  at  least 
as  long  ago  as  1830.  It  was  announced  and  briefly  described  before  the 
^leological  Society  of  America  at  the  Ottawa  meeting,  December  190.5, 
by  J.  F.  Kemp.  Later  the  location  was  worked  out  in  more  detail  by 
J.  G.  Ross  and  his  brother  Donald.  A chemical  and  petrographical 
study  of  the  rock  was  made  and  the  results  were  pi-eseuted  in  a joint 
I)aper  by  J.  G.  Ross  and  J.  F.  Kemp  before  the  New  York  Aca.demy  of 
Science  in  September  1,  1907.’^  Since  then  the  underground  workings 
of  the  mines  have  been  extended  and  more  is  known  regarding  the 
extent  of  the  dike. 

I'he  accom])anying  map  (Plate  XTX),  taken  from  the  Masoutown 
loi)ogTai)hic  sheet,  shows  the  details  of  its  location.  The  structural 
contours  as  laid  down  by  Mr.  M.  R.  Campbell  have  been  added,  as 
found  in  the  IMasontowu-Uniontowu  folio  of  the  United  States  Geolog- 
ical Survey  The  dike  can  be  traced  from  the  mining  town  of  Edenboru 
northwesterly  to  the  western  bank  of  the  Monongahela  River  in  Green 
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Coiiut  j.  T])(‘  most  acessible  exposure  of  the  dike  is  ou  the  Is'orth  bank 
(if  Middle  l\uu,  ah. nr.  a half  mile  east  of  its  junction  with  the  Monoga- 
hela river,  where  is  situated  the  coal  nuniug  town  (M  Gates.  The  dike 
can  lie  seen  oiiposite  the  east  end  of  a row  of  Coinpaiy'  houses,  a hon- 
die.d  and  fiflv  feet  west  of  the  small  church.  Extending  from  this 
ex]>(isure  in  a line  that  does  not  vary  more  than  a degree  or  two  from 
.'>2  degi-ees  west  of  iioidh,  it  is  exjiosed  in  at  least  sevcm  other  places, 
n Iiere  it  outcrojis  in  the  beds,  or  high  np  the  sides,  of  the  numerous 
ravines  cro.ssing  its  course. 

"I’lie  Edenborn  and  (dates  mines  of  the  II.  G.  Erick  Coke  Company, 
give  an  excellent  opportunity  to  study  the  dike  underground  for  a 
distance  of  about  three  miles. 

The  Pittsburg  coal  in  the  Gates  mine  is  24d  feet  below  the  river 
level,  and  tlie  Waynesburg  coal  is  •’ISO  feet  aliove  the  Pittsburg.  The 
inlerveniug  strata  are  principally  limestone,  and  sandstone,  with  a few 
beds  of  slial(*  and  coal.  The  dike  cuts  the  Mbiynesburg  coal  but  can- 
not be  found  nioi'e  than  .2b  feet  above  it  in  ihe  Waynesbui-g  sandstone. 

The  sti-nctnre  of  tin*  stratified  rocks  at  this  jdace  is  that  of  a broad 
trough,  or  syncline,  running  northeast  and  south\^■est,  with  the,  gentler 
slope  to  the  nortlnvest.  The  course  of  the  dike  is  almost  at  riglit 
alights  to  the  axis  of  this  trough." 


The  average  thickness  of  the  dike  on  the,  surface  is  about  three  feet.' 
in  nearly  every  exjiosure  two  or  moi-e  narrow  branches  can  be  seen, 
from  two  inches  to  a foot  in  thickness,  and  running  parallel  and  (dose 
io  Ihe  main  dike.  On  Middle  Kun  two  small  branches occur  TO  feet 
noidheast  of  the  main  dike.  They  ai-e  five  and  three  indues  wide  le- 
sj'ectively,  with  18  inches  of  shale  between.  Again  in  the  i-un  east  of 
Adah  it  is  doubh',  the  south\\  estern  branch  appearing  as  a horizontal 
sh.eet  or  sill,  eight  imdies  thick,  under  six  inches  of  coal,  and  about 


S(!  feet  from  the  main  dike. 

Plate  XrvI  A,  shows  its  occurance  in  the  bed  of  Middle  Kun,  about 
cSO  feet  under  the  Wayiu'slmrg  coal.  Here  it  has  followed  a thin  coal 
seam  about  four  feet  to  the  southwest,  before  rising  again  in  a verti- 
cal dii-ection.  The  thickest  part  is  here  thia^e  feet  wide,  but  three 
branches  and  included  shale  make  a dike  zone  six  feet  in  width. 

The  dike  sjireads  locally  just  above  the  Waynesburg  coal  on  the 
north  bank  of  IMiddle  Kun  to  10  feet.  The  Plastic  or  molten  condi- 
tion of  the  rock  at  the  time  of  flow,  and  the  direction  of  its  move- 
ment, are  well  shown  here,  for  the  dike  spread  out  and  enclosed  a 
large  block  of  coal  with  its  overlying  shale  and  lifted  it  above  the 


-The  deepest  portion  of  this  trough  will  be  found  in  the  northeast  corner  of  the  area 
covered  by  Plate  XIX,  where  the  Pittsburgh  coal  reaches  down  to  450  feet  above  tide.  The 
axis  rises  towards  tlie  southwe.'it  fr.-un  tins  deeper  poition,  and  at  the  Gates  mine  lias  risen 
to  about  550  feet.  It  continues  to  ri.<e  to  the  southwest  for  about  two  miles,  when  it  again 
pitclies  downward,  reachin.g  below  o.'O  feet  above  tide  and  forming  the  Wbiteley  syncline. 
Gates,  therefore,  occupies  a position  where  there  may  readily  have  been,  and  may  still  be, 
a very  considerable  strain  on  the  rocks,  at  .approximately  right  angles  to  th“  general  ’sec- 
tion of  folding.  (R,  R.  H.) 
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PLATE  XIX 
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Map  showing  location  of  Peridotite  dike  in  Fayette  and  Greene  counties. 
The  structural  contours  are  taken  from  U.  S.  Geol.Sur.  Folio  No.  82, 
and  are  on  the  horizon  of  the  Pittsburg  Coal. 
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(if  tlie  coal  seam.  "J'liis  (•(mdition  is  in  IMale  XXI  1>. 

dnsf  aliove  tliis  the  shale,  whieh  is  liere  alamt  15  I'eet  lliick  hetweeii 
the  Wavneshui-g  coal  and  the  Waviieshnrg  sandstone,  has  heen  lilted 
hy  the  ])ressni'e  of  the  nn^lten  mass,  so  that  a zoiu^  12  ieet  \\ide  has 
been  raised  fonr  feet  (see  Figni'e  2). 


Ouhrop  on  Midd le  Run  overWajnesburg  Coal. 
Figure  2. 


C'ndei'groniKl  a maximnm  thickness  of  2d  feet  was  observed  in  the 
dates  mine.  It  consists  liere  of  two  branches,  one  that  is  20  feet  in 
width,  and  one  18  inches,  with  80  feet  of  coal  between.  In  anothei- 
place  in  the  same  mine  widths  of  three,  feet  and  six  feet  were  observed, 
with  30  feet  of  coal  between.  The  thick  places  are  nndonbtedly  only 
local  swellings,  for  the  coal  seems  to  have  allowed  the  liquid  magma 
to  spread  more  readily  than  did  the  other  rocks. 
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In  the  Edenborn  mine  on  the,  soutlieast  two  brandies  are  observed, 
twelve  indies  and  tour  indies  wide,  with  12  indies  ot  coal  between. 
The  dike  pinches  out  in  this  mine,  but  the  jointed  condition  of  tlie 
rocks  along  the  conrse  of  the  dike  can  be  traced  in  this  mine  1,S00 
feet  farther  to  the  southeast. 

The  farthest  tliat  it  can  be  traced  to  the  northwest  is  at  an  open- 
ing in  the  Wayneshurg  coal  near  tlie  head  of  a small  ravine  in  Greene 
county,  on  the  west  bank  of  the  Monongahela  river,  about  three 
fourths  of  a mile  north  of  Ifrown’s  Ferry.  This  ravine  runs  to  the 
southeast  and  undoubtedly  owes  its  course  to  the  line  of  weakness 
caused  by  the  jointing  of  the  rocks  parallel  to  the  dike.  The  dike 
at  the  head  of  this  ravine  can  be  seen  as  a tissure  in  the  coal,  27  inches 
wide,  tilled  with  decomposed  clay-like  material.  This  material  is  a 
rusty  earth,  in  which  can  be  found  garnets,  and  nodules  of  magnetite 
and  olivine. 

Some  of  the  coal  close  to  tlie  dike  appears  to  have  been  coked,  and 
fifteen  feet  away  it  appears  like  a se.mi-anthracite.  The  most  no- 
ticeable effect  upon  the  coal  seems  to  have  been  in  the  developement 
ot  a laminated  or  platy  structure  in  a zone  extending  fifty  feet  on 
eacl)  side  of  the  dike.  These  sheets,  <tr  lamniae,  are  from  one-half 
to  two  indies  thick  an  dij)  away  from  the  dike  at  a high  angle.  The 
ordinary  jointing  of  the  coal  has  been  destroyed  in  the  developement 
of  this  lamination. 

The  actual  contact  of  the,  dike  with  the  limestones  can  he  seen  in 
several  places,  but  the  limestone  does  not  seem  to  have  been  notice- 
ably affected  by  the  dike  material. 

The  shale  within  a few  inches  of  the  dike  has  been  changed  to  a 
red  color.  This  is  probably  due  to  the  action  of  heat  on  the  iron  com- 
} ounds,  as  is  the  case  in  the  manufacture  of  brick.  Within  5fi  feet  of 
the  dike  the  shale  also  shows  many  joints  parallel  to  the  dike  or 
dipping  away  from  it  at  a high  angle. 

The  more  rigid  sandstone  has  been  affected  to  a greater  distance 
than  the  other  rocks.  Over  a zone  fully  2(10  feet  wide  vei-y  pronounced 
parallel  joints  are  noticed.  This  jointing  is  so  noticeable  that  it  was 
used  to  advantage  as  an  aid  in  tracing  the  dik(*.  Fig.  3 shows  the  di- 
rection and  distance  apart  of  a few  of  tliese  joints  120  feet  northeast 
of  the  main  dike  on  IMiddle  Eiin.  The  jointing  is  parallel  to  the  dike, 
and  di})S  80  to  85  degrees  awa}'  from  i!.  The,  jointing  makes  poor 
roof  conditions  in  the  mines  along  the  line  of  the  dike. 

At  the  outcrop  the  rock  is  much  iveathered  and  of  a brownish  green 
color.  It  shows  as  spherodical  masses  which  are  tough  and  fracture 
with  difficulty.  The  weathered  surface,  has  a characteristic  appear- 
ance, due  to  protruding  nodules  of  olivine.  The  final  result  of  weath- 
ering is  a yellowish  brovun  earth,  containing  scales  of  bleached  biotite. 
Where  found  in  the  mines  the  dike  rock  is  of  a darkker  color  and  more 


Joints  in  sandstone 
IZO'  N£.ofcliKe. 
Hade  toN.L 


Figure  3. 
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crystalline  in  appearance  than  the,  surface  exposuies.  Xuineruus 
small  phenocrysts  of  biotite,  a fraction  of  a millimeter  in  diameter, 
and  occasionally  one  from  one  to  two  centimeters  in  diameter  were 
noticed.  There  are  nodules  up  to  two  centimeters  in  diameter  of 
olivine  partly  altered  to  serpentine,  nodules  of  magnetite  up  to  one 
centimeter  in  diameter,  and  a few  garnets  are  also  visible  to  the  un- 
aided eye.  The  ground  mass  is  dark  colored  and  compact.  In- 
clusions of  coal,  changed  to  coke,  and  of  the  other  rocks  through 
which  the  dike  has  cut  are  numerous. 

Tender  the  microscope  biotite  is  much  in  evidence  and  is  decidedly 
j)le,ochroic.  The  biotite  has  no  regular  arrangement  except  around 
the  nodules  of  olivine,  where  it  is  parallel  to  their  periphry.  Pheno- 
crysts  of  serpentine  shoAving  the  shape  and  cleavage  of  olivine  crystals 
leave  little  doubt  as  to  the  original  abundance  of  olivine.  ^lagnetite 
is  fairh^  abundant.  The  nodules  before,  mentioned  are  primary,  while 
the  small  grains  in  many  cases  are  secondary.  Ilinenite  is  also  quite 
abundant.  Making  up  the  entire  ground  mass  and  e.xtending  into 
the  cleavage  cracks  of  the  altered  olivine  phenocrysts  is  dolomite  and 
calcite.  This  has  resulted  from  weathering  and  makes  the,  original 
condition  of  the  ground  mass  difficult  to  determine. 

In  the  paper  by  Ross  and  Kemp  an  analysis  of  this  dike  is  .giA'en 
which  is  here  reproduced.  For  comparison  the  analyses  of  the  dike 
material  from  Elliott  county.  Kentucky,  and  of  the  mica  peridotite 
dike  from  Crittenden  county,  Kentucky,  are  also  included. 
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From  all  the  information  at  hand  it  is  evident  the  dike  is  later 
than  the  Permian  and  is  pre-glacial  in  age,  but  nothing  more  definite 
ran  be  said  regarding  its  age. 


156 


A\i>  SI  i;\  lov. 


arrendix  g 


THE  IMINEEAL  PKOEUCTION  OF  FENNiSVlA'ANIA. 


By  Eichard  K.  Hice. 


(reneral  f^lateiiienl. 

"J'he  ]ii-iiiuu-y  i>iii'[Kise.  of  a Oooiogical  ^^iirvey  is  ih(*  (‘iicourageiiiciii 
of  the  luiueral  pi-oducfittn  of  llie  Sfafe.  That  lliis  may  he  aceom- 
]^lislied  it  is  not  only  desiiahie,  hut  it  is  iieeessaiy,  tliat  the  (ieologieal 
Sui-vey  he  in  elose  foneli  willi  the  A'arioiis  ])ro(lncers  of  minerals  witliin 
Hie  K'tate,  and  also  witli  (lie  value  of  1he  ontjml  ; and  tlie  greater  de- 
iai]  of  this  informalion,  1he  more  valnahle  and  acenrafe  will  he  the 
knowledge  and  the  gieater  the  henellt  derived  from  the  organization. 

In  order  to  eai-ry  ont  as  fully  as  possible  Ihe  jmrjioses  of  the  8nr- 
\oy,  it  was  arranged  late  in  the  fall  of  1911  to  co-ojiearte  with  the 
Fnited  vSUite  Oeological  Hni-vey  in  the  eollection  of  the  mineral  statis- 
tics of  the  State.  An  arrangement  was  made  which  was  most  ad- 
vanfageons  to  the  State  Survey,  hy  which  much  of  the  expense  and 
labor  of  Ihe  work;  the  cost  of  ]>rinting  the  necessary  blanks,  the 
mailing  of  the  same,  and  the  franking  of  the  reiilies  from  the  many 
producers,  are  all  home  liy  the  United  States  Survey.  The  reports  of 
production  under  this  arraugemenf  are  sent  directly  to  the  office  of 
the  State  Ueologist,  where  the  desired  informatimi  is  taken  from  the 
same,  and  they  are  then  forwarded  to  the  United  States  Survey  at 
Washington.  The  State  Survey  aids  in  the  eollection  of  the  reports 
of  those  who  fail  to  make  I'eply  hy  mail.  By  this  arraiigemeut  both 
surveys  are  rejiresenti'd  and  the  ])roducers  are  only  required  to  make 
one  rejiort. 

The  exjie.rience  of  this,  the  first,  year  under-  this  arrangement  has 
been  more  than  satisfactory  and  it  is  hoped  and  expected  the  ari-ange- 
meut  will  he  continued.  The  State  of  Pennsylvania  has  over  11,000 
mineral  producei-s  within  its  area,  and  the  burden  of  compiling  and 
k'ee]ting  up  the  lists  of  producers  is  no  small  one.  By  the,  co-operative 
arrangement  the  State  has  the  benefit  of  the  accumulated  experience 
of  a number  of  years  of  the  TTiited  States  Survey,  with  the  use  of 
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the  lists  of  the  producers  which  that  survey  has  compiled;  and, 
while  all  the  producers  are  not  on  these  lists,  it  must  be  said  that 
there  are  but  tew  who  are  omitted.  The  beuetit  of  the  co-operative 
arrangement  is  apparent  to  all. 

It  is  proper  that  we  should  have  some  statement  (jf  the  mineral  pro- 
duction of  the  State  during  the  past  few  years  which  can  be  used  for 
com})arison  with  the  detailed  outi)ut  collected  during  the  i)ast  winter, 
and  it  is  the  object  of  this  chapter  to  set  forth  briefly  the.  lesnlts  ot 
the  compilations  made  by  the  ITiiled  States  Survey  in  i)ast  years. 

As  stated  in  the  last  bi  ennial  report,  the  State  of  renn.sylvania 
far  exceeds  in  the  value  of  its  mineral  production  any  other  state,  in 
fact,  exceeds  the  production  of  all  the  States  west  of  the  Mississippi 
river.  The  total  production  is  not  far  from  } of  the  total  of  the  entire 
United  States. 

Not  only  in  the  total  does  Pennsylvania  exceed  all  the  other  states, 
but  notwithstanding  its  relatively  large  area,  the  product  exceeds  all 
other  states  in  the  average  value  jrer  square  mile  of  area. 

The  mineral  juoduction  of  the.  United  States  in  the  year  Pior),  for 
the  first  time,  exceeded  a total  value  of  |l,5()t>, 000,(100  and  in  1007  (be 
\alue  exceeded  ,f2, 000, 000, 000.  1'he  effect  of  the  financial  depression 
of  the  latter  part  of  1907  so  affected  the  output  of  1908  lliat  the 
mineral  production  fell  to  slightly  less  than  f 1,()00.000,000,  but  in 
1909,  with  the  return  of  business  throughout  the  country,  it  inci'eased 
to  11,880,000,000  and  in  1910  again  exceeded  the  8-, 990, 000. 000  mark. 
The  following  talde  gives  the  total  mineral  ]»roduction  of  the  United 
Slates  and  of  I’ennsylvania  for  several  years,  together  with  (he  jier- 
centage  of  the  total  ])r()duction  in  our  own  State. 


Table  Numl)er  1. 


Paine  of  Mineral  Production  of  the  United  States  and  of  I'ennsyl- 

vania. 


Year. 


•o 

'3 


4> 

a 


> . 


Pennsylvania. 


<E> 

CuO 


<1)  M 


$2,071,617,964 

$657,783,345 

mB',  — — - — 

1^595,670^186 

473 *683; 212 

1909 

1,886,772,843 

649,860,811 

1910’  - - — 

2;003;714;869 

69i;602,573 

158 


TOPOGRAPHIC  AND  GEOLOGIC  SURVEY. 


The  Production  of  Pennsylvania. 

The  following  table  shows  the  value  of  the  several  mineral  products 
of  Pennsylvania  for  the  years  1907-1910.  It  will  be  noted  that  this 
table  includes  the  value  of  the  Pig  Iron  produced  in  the  State,  which 
is  mainly  made  from  ores  mined  elsewhere,  and  in  this  respect  does 
not  accurately  show  the  value  of  the,  raw  material.  But  the  propor- 
liouate  value  of  the  pig  iron  product  of  Pennsylvania,  as  compared 
with  the  value  of  its  entire  production,  is  less  than  that  of  the  next 
larger  states  in  value,  and  hence,  if  the  pig  iron  value  is  used  in  com- 
paring the  states,  one  with  another,  the  relative  effect  is  against 
Pennsylvania,  rather  than  in  its  favor. 
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Leading  Minei-al  Products  in  ihe  State. 

Tliat  the  rank  of  Pennsylvania  as  a mineral  producer  should  be 
understood,  some  of  the  more  imjtortant  ])rodncts  are  tabulated  in 
the  following  tables,  which  show  the  value  of  the  entire  output  of  the 
several  minerals  in  the  United  States  ; the  value  of  the  output  in  Penn- 
sylvania, and  the  percentage  which  the  output  of  Pennsylvania  bears 
to  that  of  the  entire  United  States. 

Anthracite  Coal. 

The  entire  output  of  the  anthracite  coal  is  from  the  hard  coal 
region  of  Pennsylvania.  It  is  the  intention,  under  the  co  operative 
arrangement,  to  secure  the.  data  with  greater  detail  than  in  the  past. 
The  following  table  and  diagram  illustrate  the  total  tonnage  of  an- 
thracite coal  and  tlie  value  of  the  same,  together  with  the  fluctuation 
for  the  years  1903-1011. 

TAP»LE  XUMBER  3. 

Anthracite  Coal. 


Tear. 

Gross  Tons. 

Value. 

1903 

66,613,454 

65,318,490 

69,339,152 

63,645,010 

76,432,421 

74,347,102 

72,374,249 

75,433,246 

$152,036,448 
138,974,020 
141,879,000 
131,917,694 
163,584,056 
158,178,849 
149, 181,. 587 
160,275,302 

...  

1905^  

1907, 

TflOO' 

1910,  

363,503,124 

$1,196,026,956 

Pituminous  Coal. 

Second  only  to  the  ])r(Hluction  of  anthracite  coal  is  that  bituminous 
coal.  From  the  years  19(»3  to  lOlh  the  output  of  bituminous  coal  in 
the  State  increased  fi'om  l()3,()()ll,(l(i0  tons  to  100,000,000  tons,  over  45% 
and  the  vdJitc  of  the  outjuit  rose  from  $121,(10(1,(10(1  to  $153,000,000  an 
increase  of  about  20%.  During  the  same  time  the  total  bituminous 
I utput  (including  lignite)  of  the  entii-e  United  States  rose  from 
282,000,000  tons  to  417,000,000  tons,  an  increase  of  48%:  while  the 
value  ros(‘  from  $351,000,000  to  .$408, 000,000  and  increase  of  34%. 
'I’he  accom])anying  table  and  diagram  will  more  fully  illustrate  the 
tluctuations  during  this  time  and,  likewise  the  effect  of  the  depression 
in  btisiness  in  the  year  1907  u[)on  the  output  of  1908-1909.  The  fact 
that  the  decrease  in  j)i  ice  in  I’eniisylvania  is  greater  than  the  average, 
both  in  actual  cents  jter  ton  and  also  in  percentage  of  loss,  is  to  be 
noticed.  In  the  entire  Cnitf'd  States,  the  average  ])rice  fell  from 
$1,244  ]ier  ton  in  1903,  (o  $1,125  per  ton  in  1910,  a loss  of  11.9  cents 
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Figure  6.  Diagram  showing  the  total  production  of  coal. 
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j'er  ton,  or  In  tlio  snine  period  in  Peiiusylvtinia  the  average 

price  fell  from  fl.lS  in  1!)03  to  |1.01G  a loss  of  Ki.f  cents  per  ton,  or 
13.9%. 

The  vast  inroads  which  are  being  made  npoii  (lie  l)itnmin()\is  coal  of 
the  State  is  perhaps  better  illustrated  in  the  case  of  Fayette  and  est- 
moreland  counties  than  in  any  other  section,  although  this  is  in  ])art 
due  to  the  fact  we  have,  more  accurate  data  of  the  output  of  these 
fields  than  is  at  jirese.ut  available  in  other  portions  of  the  State. 

The  total  output  of  hitumiuous  coal  in  Pennsylvania  lor  the  years 
1840  to  1910  was  2,251, 73.7, 097  net  tons  and  of  this  amount  (iS5,104,227 
tons  were  mined  during  the  last  live  years,  or  30.43%  of  the  total  out- 
put. Of  the  amount  mined  during  the  last  five  years  Fayette  and 
Westmoreland  counties  produced  about  262,000,000  tons  or  38.25%  of 
rdl  that  mined  in  the  State.  Practically  all  of  the  output  for  these 
two  counties  is  from  the  Pittsburgh  vein,  the  ])ortion  being  mined 
from  other  horizons  being  almost  nothing.  This  262,000,000  tons 
represents  about  10%  of  all  the  recoverable  Pittsburgh  coal  originally 
in  these  two  counties.  In  other  Avords  the  total  coal  originally 
j resent  in  these  tAvo  counties  Avould  last  but  50  years  at  the  average 
rate  of  mining  during  the  last  live  years.  Data  is  not  at  hand  to  gWe 
the  total  amount  of  coal  mined  in  these  tAAm  comities.  During  the 
23  years  from  1888  to  1910  there  Avas  shipped  a total  of  10,671,987  cars 
of  coke  from  the  ConnellsAdlle  and  LoAver  Connellsville  regions  which 
at  an  average  of  25  tons  to  a car  represents  over  400,000,000  tons  of 
coal  coked.  During  the  last  five  years  the  amount  of  coal  coked  in 
these  two  regions  represents  about  f of  the  total  coal  output  and, 
Therefoi’e,  the  total  output  of  these  tAvo  counties  for  the  last  23  years 
Avould  be  OA'er  600,000,000  tons.  It  therefore  seems  evident  that  fully  ^ 
of  the  original  amount  of  the  Pittsburgh  coal  has  been  taken  from 
these  two  counties  and  that  the  remaining  portion  cannot  long  Avith- 
stand  the  tremendous  drain  noAV  being  made  upon  it. 


TAP.LE  NUMP.EK  4. 
Pituminous  Coal. 


United  States. 

Pennsylvania . 

Year. 

Net  Tons. 

Value. 

Net  Tons. 

Value. 

1903,  

282,749,248 

$351,687,933 

103,117,178 

$121,752,759 

1901, 

278,659,689 

305,397,001 

97,938,287 

94,428,219 

1905,  

315,062,785 

334,658,294 

118,413,637 

113,390,507 

1906.  

. 342,874,867 

381,162,115 

129,293,206 

130,290,651 

1907,  

394,759,112 

451,214,842 

150,143,177 

155,664,020 

1908,  

332,570,944 

374,135,268 

117,179,527 

118,816,303 

1909,  

379,744,237 

405,486,777 

137,966,791 

130,085,237 

1910.  

417,111,142 

469,281,719 

150,521,626 

1.13,029,510 

2,143,538,144 

$3,073,024,949 

1,004,573,329 

$1,017,457,212 

11 
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Coke. 

The  coke,  of  the  Couuellsville  region  has  long  been  recognized  as 
the  standard  for  the  United  States.  From  the  year  1903  to  the  year 
1910  the  amount  of  bituminous  coal  made  into  coke  in  the  United 
States  rose,  from  39,000,000  tons  to  63,000,(H)0  tons,  an  increase  of  61%, 
while  in  the  same  period  tlie  coal  made  into  coke  in  Pennsylvania  in- 
creased from  23,000,000  tons  to  39,000,000  tons  an  increase  of  69%. 
During  the  same  period  the  total  tonnage  of  the  coke  produced  in  the 
United  States  rose  from  25,000,000  tons  to  11,000,000,  while  the  output 
f]-om  Pennsylvania  increased  from  15,000,000  tons  to  26,000,000  tons. 
All  tills  is  shown  in  greater  detail  in  tlie  accompanying  tables  and 
diagrams  which  illustrates  tlie  Huctuation  in  the  several  years  from 
1903  to  1910. 

TABLE  FUMBEB  5. 

Coal  Made  into  Coke — Net  Tons. 


Tear. 

United  States. 

Pennsylvania. 

1903.  

39,423,525 
36,531,606 
49,530,677 
55,746,374 
a,  946, 109 
39,440,837 
59,354,937 
63,088,327 

23,724,207 

22,432,06'4 

31,030,345 

34,603,513 

39,733,177 

23,215,964 

36,983,568 

39,455,785 

1905^  

1907i  

i&os;  . 

1909,  — 

1910i  

405,062,394 

251,078,623 

TABLE  NUMBED  0. 

(Quantity  of  Coke  Produced  in  Net  Tons. 

Tear. 

United  States. 

Pennsylvania. 

1903,  

25,274,281 

23,661,106 

32,231,129 

36,401,217 

40,779,564 

26,033,518 

39,315,065 

41,708,810 

15,650,932 

14,8a,064 

20,573,736 

23,060,511 

26,513,214 

15,511,534 

24,905,525 

26,315,607 

1904'  - _ 

1905  

1906’,  

1907'  - - 

1908  - — - 

I909i  - — 

1910i  

267,392,223 

165,405,690 

The  great  increase  in  the  i»roductiou  of  coke  in  i’enn.sylvania  is 
shown  by  tlie  number  of  ovens,  the  ipiaulity  of  coal  coked,  and  the  re- 
sulting coke.  The  following  table  shows  Ibese  facts  and  also  the  per- 
centage of  coke  produced  fi-om  the  coal  used,  whii  h fi-om  j'ears  1880 
to  1010  shows  a slight  increase. 


Coal  Coked  in  UO  

Coal  Coked  in  Penn^  

Coal  Pf?oDUCED  in  U.5.  

Coal  Produced  in  Penn^ 

Figure  7.  Diagram  showing  the  amount  of  coal  coked  and  coke  produced 
in  the  United  States  and  Pennsylvania. 
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Year. 

Ovens. 

Coal  used,  net 
tons. 

Coke  made,  net 
tons. 

Yield  per  cent.. 

1830 - - 

9,501 

4,347,553 

2,821,284 

65.0 

1890,  

23,430 

13,046,143 

8,560,246 

65.8 

1900 

32,548 

20,239,966 

13,357,295 

66.0 

1910,  

65,656 

39,455,785 

26,315,607 

66.7 

The  Connellsville  Region. 

The  Connellsville  region  was  long  the  ruling  factor  in  the  produc- 
tion of  coke  in  Pennsylvania  owing  to  the  peculiar  character  and 
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^alue  of  coke  making  of  the  coal  in  that  section.  The  following 
tables  sliows  the  iiumber  of  ovens,  the  coal  used,  and  the  coke  pro- 
duced, at  intervals  of  ten  years  in  tliis  region. 


Figui'e  9.  Diagram  showing  the  amount  of  coal  coked  and  coke  produced 

in  the  Connellsville  region. 

TABLE  A'LLMBEB  S. 


Connellsville  Begion. 


Tear. 

Ovens. 

Coal  used,  net 
tons. 

S 

y-j 

'5  ? 
o'" 

Yield  per  cent.. 

i 

iSsrt,  

7,211 

3,367,856 

2,295,946 

65.5 

3S90,  

15,865 

9,748,449 

6,464,156 

66.3 

KKX),  

20,981 

14,946,6.59 

10,926,907 

67.0 

1910,  

24,481 

17,205,615 

11,459,601 

66.6 

Lower  Connellsville  Begion. 

In  tlie  year  1900  it  was  found  that  the  coal  lying  outside  of  the 
Connellsville  region  proper  could  he  made  into  high  grade  coke,  and 
accordingly  a part  of  the  coke  industry  was  transferred  to  the  region 
southwest  of  Connellsville,  totvard  the  Monongahela  Eiver  and  the 
West  Virginia  state  line.  The  accompanying  table  shows  the  number 
of  ovens,  the  quantity  of  coal  used  and  the  resulting  coke  of  the 
"Lower  Connellsville”  region  for  the  years  1000,  1905,  and  1910. 
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1900  1905  1910 


Figure  10.  Diagram  showing  the  amount  of  coal  coked  and  coke  produced  in 

the  Lower  Connellsville  region. 


TABLE  A'lAMBEJ;  9. 

Lower  Connellsville  Keffion  (Opened  in  1900). 


Tear. 

Ovens. 

Coal  used,  net 
tons. 

Coke  made,  net 

1 tons. 

4-3 

a 

1900 

S,033 

579',928 

385,900 

60.5 

1905 

7,4&4 

5,666,812 

3,871,310 

68.3 

1910,  

14,805 

12,130,425 

8,219,492 

67.3 

Cement. 

Pennsylvania  has  long  been  a prominent  factor  in  llie  production  of 
cement,  both  Natural  and  I’ortland,  and  the  production  of  both  classes 
of  cement  in  the  United  States  and  Pennsylvania  is  shown  on  the  ac- 
companying table  and  diagram. 

During  the  period  covered  by  tbe  table  it  will  be  seen  tbe  ontjmt 
of  Natural  Cement  lias  declined  rapidly,  as  the  ontjmt  of  Pori  land 
Cement  has  increased.  This  is  true  not  only  of  the  ontjmt  in  Penn- 
sylvania but,  likewise,  in  a more  marked  degree  in  the  ontjmt  of  the 
entire  Lmited  States. 

Pennsylvania  has  long  held  first  rank  as  the  producer  of  Portland 
Cement  and  the  quantity  jirodnced  has  had  an  almost  continnons  in- 
crease from  year  to  year,  during  the  time  covered  113'^  the  accomj)3dng 
table.  For  the  3Tar  1903  the,  value  of  the  Portland  Cement  was 
slightly  in  excess  of  fl.OO  per  barrel,  not  only  in  the  United  States  as 
a whole,  but  in  Pennsylvania  as  well.  During  the  year  1904  the 
price  fell  below  fl.OO  per  barrel  both  in  the  United  States  and  Penn- 
ST-lvania.  During  the  following  3’ear,  1905,  the  general  price  in  the. 
United  States  again  rose  above  the  dollar  mark  and  continued  until 
1907  but  since  that  time  the  jfrice  has  uniformly  been  less  than  ijSl.Ofi 
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per  barrel.  lu  reniisjlvaiiia,  however,  since  the  year  190o  the  average 
price  has  been  constantly  below  the  .fl-OU  mark  and  it  would  not  seem 
as  if  in  the  future  it  will  rise  beyond  that  price. 


Uc-  QuonlUy  

Value 

PennsylVAnio  

Vaiue  

Figure  11.  Diagram  showing  the  value  and  production  of  Portland  cement. 

More  detailed  information  of  Portland  Cement  Industry  in  the 
State  will  be  found  in  the  preliminary  report  on  that  subject,  recent- 
ly issued  by  this  survey. 


TABLE  NUIMBEK  10. 


Cement  Produced  in  the  United  States. 


Tear. 

Natural. 

Portland. 

Barrels. 

Value. 

Barrels. 

Value. 

1903,  

1904,  

1905 

1306 

1907 

'1908 

1909 

E910,  

7,0.30,271 

4,866,3,31 

4,473,049 

4,055,797 

2,887,700 

1,686,682 

1,537,638 

1,139,239 

$3,675,520 

2,450,150' 

2,413,052 

2,423,170 

1,467,302 

834,509 

652,756 

483,006 

22,342,973 

26,505,881 

35,246,812 

46,463,424 

48,785,390 

51,072,612 

64,991,431 

76,549,951 

$27,713,319 

23,355,119 

33,245,867 

52,466,186 

53,992,551 

43,547,679 

62,858,354 

68,205,800 

27,676,707 

$14,399,465 

371,958,474 

$355,339,875 

PigTiie  lo.  Diagram  showing  total  production  of  Portiand  cement  in  the  United  States  and  tiie  Lehigh  district. 
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Figure  14.  Diagram  showing  decrease  in  price  of  Portland  cement. 
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Figure  12.  Diagram  showing  the  value  and  production  of  natural  cement. 


TABLE  IsU:\[BEB  11. 
Cement  Produced  in  Peunsylvaiiia. 


Natural. 

Portland. 

year. 

Barrels. 

Value. 

Barrels. 

Value. 

1903,  

1,339,090 

$576,269 

9,754,313 

$11,205,892 

1904,  

770,897 

298,533 

11,496,099 

8,969,20(3 

1905 - 

748,057 

306,555 

13,813,487 

11,195,940 

1906,  

744,403 

560,534 

18,645,015 

18,593,439 

1907,  

625,871 

263,969 

20,393,965 

19,693,006 

1908,  

252,479 

87,192 

18,254,806 

13,899,807 

1909,  

295,085 

93,673 

22,869,614 

15,969,621 

1910,  - 

196,331 

56,777 

26,675,978 

19,551,263 

4,972,213 

$2,248,502 

141,903,277 

$119,088,179 
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Clay  Products. 

Pennsylvania  holds  high  rank  as  a producer  ot  Clay  products,  being, 
only  second  to  the  state  of  Ohio.  The  following  table  and  diagram 
shows  the  value  of  tlie  clay  products  in  the  United  States  and  Penn- 
sylvania for  the  years  lh03  to  1910. 


U.5. 

FfennsylvAMia 


Figure  15.  Diagram  showing  value  of  clay  products. 


TABLE  NUMBEIl  12. 
Clay  Products. 


year. 

United  States. 
Value. 

Pennsylvania. 

Value. 

1003,  

$1.31,002,431 

131,0-23,243 

149,697,183 

161,132,722 

158,942,369 

1.33,197,762 

166,321,213 

170,115,974 

$18,847,324 

16,821,863 

19,1-24,553 

21,774,611 

20,291,621 

14,842,983 

21,186,713 

22,094,285 

1<-K)4'  

190  

1006,  - - — 

190?', - 

1008,  - 

1000,  

lolo;  

$1,201,492,897 

$1:34,933,952 
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Refractories. 

In  the  production  of  refractory  materials  reiinsylvauia  leads  all  llie 
other  states,  iH'oduciug  over  40%  of  tlie  entire  output,  as  is  sliown  l»y 
the  accompanying  tables  and  diagram.  The  effect  of  the  depression 
in  business  in  the  year  190S  is  especially  marked  in  the  production  of 
tire  brick  as  is  shoAvn  by  the  table,  and  the  fact  the  tire  lulck  industry 
is  so  largely  dependent  ou  the  iron  industry  in  the  iState  is  well  il- 
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Figure  16.  Diagram  showing  the  value  of  Are  brick  production. 


lustrated  in  the  values  of  refractories  for  the  j'ears  1908  and  19U!L 
For  the  year  1909  the  value  of  the  entire  output  of  tire  brick  in  the 
United  States  increased  $0,000,000  over  the  output  in  1908.  Of  this 
increase  two-tliirds,  or,  $4,000,000.  is  represented  by  the  increase  in 
Pennsylvania,  while  the  value  of  the  output  of  Pennsylvania  was  less 
than  50%  of  that  of  the  United  States,  showing  the  quick  respoime  to 
the  improvement  in  the  iron  and  steel  business  by  the  tire  brick  indus- 
try in  this  State. 

TABLE  XmBER  U',. 

Prodnction  of  Fire  Brick. 


Tear. 

United  States. 
Valtie. 

Pennsylvania. 

Value. 

1008.  

.$14,062,369 

11,167,972 

12,735,404 

14,206,868 

14,946,045 

10,696,216 

16,620,695 

18,111,474 

$6,.5;17,076 

•5jU7,47» 

“5,771,795 

6,854,640 

6,907,904 

4,252,325 

8,107,807 

6,454,928 

1904*.  - 

19(15.  _ - . - _ _ 

19<^,  

mv, 

lOOSi  

3909,  1 

1010,  

$112,547,043 

.$.50,363,950 

Iron  Ore. 

While  Pennsylvania  produces  but  little  iron  ore,  relatively,  yet  the 
value  of  the  output  of  Pennsylvania  is  greater  than  is  generally  sup- 
posed. The  accompanying  tables  shows  the  output  of  iron  ore  of  liie 
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United  States,  the  Lake  S'uperi(»i-  region  and  of  Pennsylvania  in  the 
years  of  1904  to  1910. 


1903  1904  1905  1906  1901  1908  1909  1910 


MKE  SUPERIOR  REGIOri 

Figure  17.  Diagram  showing  the  production  of  iron  ore  in  the  LTnited 
States  and  in  the  Lake  Superior  region. 


TABLE  NUMBER  14. 


Iron  Ore  Produced  in  the  United  States  and  in  the  Lake  Superior 

Region. 


Tear. 

United  States. 
(Gross  Tons.) 

Superior  Region. 
(Gross  Tons.) 

IfWU 

27,644,330 

43,526,133 

47,749,728 

51,720,619 

35,924,771 

51,155,437 

56,889,734 

20,198,311 

33,325,018 

38,085,084 

41,638,744 

28,225,412 

41,942,969 

46,420,226 

1905^  — 

1906^  

ipor' 

11X)8  

1909^  

1910*  - 

313,610,752 

249,785,964 
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Figure  18.  Diagram  showing  production  of  iron  ore  in  Pennsylvania. 

TABLE  A'UMBEli  15. 

Iron  Ore  Produced  in  Peniisylvaiiia. 


Year. 


1904,  _ 

397,107 

808,610 

949,429 

837,287 

443,161 

$611,211 

1,060,162 

1,246,267 

1,298,717 

1905,  

1906,  - 

1907,  ..  

1908,  

572,346 

666;8S9 

739,799 

792,672 



1910,  

911,847 

4,842,282 

$6,493,222- 

Quantity. 
Gross  Tons. 


Value. 


Petroleum. 

When  one  considers  how  long  a time  a continuous  drain  has  been  ex- 
hausting the  petroleum  resources  of  the  State,  it  is  astonishing  how 
well  the  output  is  maintained.  Tlie  following  table  gives  the  value 
of  the  petroleum  output  for  the  years  1901  to  1910,  from  which  it  will 
be  noted  that  in  this  period  there  has  been  a decline  of  about  30%. 

There  are  today  in  Pennsylvania,  upwards  of  50,000  oil  wells  and, 
while  many  have  been  abandoned  from  year  to  year,  the  total  number 
seems  to  be  on  the  increase.  During  the  years  1909  and  1910  there 
were,  drilled  in  Pennsylvania  and  Xew  York  5,233  producing  oil  wells, 
while  during  the  same  period  the  I’eports  show  1,935  wells  abandoned. 
In  the  same  period  1,191  dry  holes  were  drilled. 

The  petroleum  industry  has  added  great  wealth  to  the  State  of 
Pennsylvania  and  while  it  would  seem  that  the  supply  is  being  rapidly 
exhausted,  yet  in  view  of  this  fact  and  of  the  unequaled  quality  of  the 
Pennsylvania  oil,  this  is  a most  profitable  field  for  Geological  study 
and  one  which  deserves  a most  liberal  treatment  by  the  State,  ^luch 
has  been  written  in  the  rejiorts  of  the  Second  Geological  Survey  on 
the  oil  region,  but  during  the  time  which  has  elapsed  since  the  close 
of  the  field  work  by  that  organization,  many  discoveries  have  been 
made,  thousands  of  new  wells  have  been  drilled,  new  fields  have  been 
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opened  and  developed,  an  above  all  the,  relations  of  the  Geological 
Strnctnre  to  the  accnmulation  of  oil  and  gas  in  paving  (piautities  has 
been  worked  out  and  tested  by  actual  drilling.  With  the  accurate 
uiaps  tliat  are  now,  or  soon  will  be,  available,  it  is  possible  in  many 
jdaces  to  direct  the,  driller  in  the  development  and  opening  of  new 
pools  which  may  exist,  and  to  guard  against  the  useless  drilling  of 
wells  in  places  where  the  structure  is  such  as  to  not  admit  of  the 
accumulation  of  oil  and  gas  in  paying  quantities.  The  work  of  the 
geologist  in  directing  the  driller  is  one  of  the  most  practical  and 
profitable  fields  of  the  Geological  engineer. 

During  the  time  covered  by  the  table,  the  Pennsylvania  production 
fell  from  12,025,378  barrels  in  1001  to  8,704,002  in  1010,  3,830,710 
barrels,  or  31.13%.  In  the  same  period  in  Xew  York,  the  production 
fell  from  1,200,018  barrels  in  1001  to  1,053,838  barrels  in  1010, — 152,- 
780  barrels,  or  12.00%. 


TABLE  NUMBEB  10. 

Production  of  Petroleum  in  Pennsylvania. 

Year. 

Barrels. 

1001,  

12,625,378 

12,063,880 

11,355,156 

11,125,762 

10,437,195 

10,2.56,893 

9,999,806 

9,424,325 

9,299,403 

8,794,662 

1902,  ..  

1903,  . ..  

1904,  

1905,  ...  . ...  . 

1900,  . ._  

1907,  

1908,  

1909,  

1910,  

105,381,960 

Natural  Gas. 

Of  all  the  mineral  pi-oducts  of  ihe  State,  tliat  of  Natural  Gas  has 
•s]>own  1he  greatest  finctuation.  Prior  to  1883  but  little  gas  was  used 
in  the  State.  Tbe  accompanying  table  shown  the  value  of  natural 
gas  jiroduction  of  ihe  State  for  the  years  1883  to  1010.  Starting  with 
the  value  of  .f 200, 000  in  1883,  the  value  of  the  gas  rose  to  over  |10,000,- 
000  in  five  years,  and  grtidnally  declined  the  next  eight  years  to  |5,- 
5(10,000.  Since  180(1,  however,  there  has  been  a gradual  increase  in 
llu*  value  of  tbe  gas  ])roduced,  until,  in  1010  it  has  reached  the  value 
of  over  -f 21. 000, 000,  exceeding  by  .82.000,000,  the  value  of  the  year  1888. 
This  increase  in  value  was  only  accomplished  by  a greatly  increased 
investment  on  the  part  of  the  producers  of  the  State.  In  1807  the 
Te]>orted  inunber  of  gass  wells  was  2,407  and  in  1010  this  had  increased 
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to  9.800,  and  in  order  to  maintain  the  snpply,  the  munher  of  wells 
drilled  for  gas  in  the  years  1909  and  1910  was  1,940,  of  which 
were  drw  holes.  This  number  of  wells  does  not  include,  the  low  pres- 
sure wells  of  Erie  county,  of  which  429  reported  in  the  yeai‘  191(f 


TABLE  A’UMBEK  17. 
Natural  Gas  in  Pennsylvania. 


Year. 


Value. 


1883,  - 

1884,  . 

1885,  . 

1886,  . 
1887,  . 
1888 

1889, 

1890,  . 

1891, 

1892,  .. 

1893,  - 

1894, 

1895,  .. 

1896,  .. 

1897, 

1898,  .. 

1899,  .. 

1900,  .. 

1901,  .. 

1902,  .. 

1903, 
1904  .. 

1905,  .. 

1906, 

1907, 
1903, 

1909,  .. 

1910, 


?200,0<50 

1,100,000 

4,500,a>l 

9.000. 0X1 
13,749,500 
19,282,375 
11,593,989 

9,551,025 

7,834,016 

7,376,281 

6.488.000 

6.279.000 

5.852.000 
5,528,610 

6.242. . 543 
6.806,742 
8,337,210 

10,215,412 

12,688,161 

14,352,183 

16,132,834 

18,139,914 

19.197.. 336 

15. . 553. 245 
18,844,156 
19,104,944 
20,475,207 
21,057,211 


5318,536,894 


Stone. 

Tlie  following  table  and  diagram  show  the  value  of  the  stone  output 
of  the  United  States  and  Pennsylvania  for  the  years  1004  to  1010. 
together  with  the  p)ercentage  of  the  total  produced  by  Pe.nn.sylvania. 
from  which  it  will  be  noted  that  this  State  produced  -J  of  the  entire 
output  of  the  United  States  and  produced  the  largest  quantity  in 
value  of  any  state,  ranking  first  in  production  except  for  the  year  BIOS, 
when  it  ranked  second.  This  slight  decline  in  the  year  lOOS  was  due 
to  tlie  reduced  output  of  limestone  occasioned  by  the  effect  of  the  bus- 
iness depression  upon  tlie  iron  and  steel  industry. 
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U.5  

Fcnnft  

Figure  21.  Diagram  showing  the  value  of  stone  production,  1904-1910. 


TABLE  XU3rBEK  18. 


Production  of  Stone. 


Year. 

United  States. 

Pennsylvania. 

Value. 

Percentage 
of  total. 

Rank. 

1904 - - 

$53,765,715 

$7,341,130 

12.49 

First. 

1905,  — 

63,798,748 

7,956,177 

12.47 

First. 

1900,  - 

66,378,794 

8,804,776 

13.27 

First. 

lOO'T.  

71.105,805 

9,132,372 

12.84 

First. 

1908 

65,712,499 

6,371,152 

9.70 

Second. 

71.345.100 

8,125,723 

11.39 

First. 

1910,  

76,520,584 

8,571,518 

11.20 

First. 

8473,627,344 

$56,302,898 

11.88 
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m the  jears  1905  to  1910  the  total  production  of  sand  and  gravel  in 
the  United  States  was  264,000,000  tons,  with  a value  of  |91, 000,000. 
Of  this  amount  Pennsylvania  produced  .j0,0()().()00  tons  of  a total  value 
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Figure  22.  Diagram  showing  production  of  sand  and  gravel,  1905-1910. 

of  115,000,000.  The  range  of  production  and  value  is  shown  on  the 
accompanjung  table  and  diagram,  from  which  it  will  he  seen  the  value 
per  ton  of  the  Pennsylvania  output  exceeds  the  average  of  the  United 
States,  by  about  60%. 

12 
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TABLE  NUMBEB  10. 
rrodiiction  of  Saud  and  Gravel. 


Year. 

United  States. 

Pennsylvania. 

Tons. 

Value. 

Tons. 

Value. 

1905 

23,174,967 

32,932,002 

41,a51,918 

37,216,044 

59,56'5,551 

69,410,436 

$11,199,645 

12,698,208 

14,492,069 

13,270,032 

18,336,990 

21,037,630 

4,028,804 

5,232,875 

5,799,448 

4,130,442 

5,199,747 

5,676,509 

$2,236,309 

2,480,811 

2,782,568 

2,203,056 

2,513,070 

2,974,221 

1906,  

1907.  

1908 

1909 

1910 

264,150,918 

$91,034,574 

30,067,825 

$15,190,035 

Slate. 

Peniisvlvania  far  exceeds  any  other  .state  in  the  value  of  slate  pro- 
diiced.  Jt  is  tlie  .only  state  which  produces  slate  suitable  for  some 
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Figure  23.  Diagram  shoving  the  production  of  slate,  1901-1910. 

purposes.  The  following  table  and  diagram  illustrate  the  value  of  the 
slate  production  of  United  States  in  the  years  1901  to  1910,  and  like- 
wise the  value  of  the  i)roduction  of  Pennsylvania  for  tlie  same  years, 
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together  with  the  perc-entage  the  piodnctiou  of  tlie  State  hears  to  the 
total.  It  will  be  noted  that  the  proportion  of  rennsylvaiiia  varied 
from  53.15%  in  11)09  to  04.73%  in  1904.  The  falling  off  in  total  in 
the  year  1909  wa.s  dne,  as  the  table  shows,  to  the  great  decline  in  out- 
put, owing  to  the  local  conditions,  in  Pennsylvania. 


TABLE  NILMBEB  L'O. 


Production  of  Slate. 


United  States. 

Pennsylvania. 

Year. 

— 

Value. 

Value. 

Percentage 

of  Total. 

1901  

■¥4,787,. 525 

i?2,0S4.2C4 

62.34 

1902,  

5,696,061 

3,547,322 

62.28 

1903.  

0,256,385 

3,959,!XK> 

63.28 

1904,  

5,617,195 

3,633,246 

64.66 

1905,  

5,496,207 

3,491,905 

63.53 

1906,  

5,668,346 

3,522,149 

62.14 

1907  

6,019,220 

3,855,640 

64.05 

1908,  

6,316,817 

3,90-2,958 

61.79 

1909,  

5,441,418 

2,892,358 

53.15 

1910,  

6,236,759 

3,740,806 

59.98 

$57,536,423 

$35,530,554 

61.75 

Lime. 

The  following  table  gives  the  value  of  the  lime  output  in  the  United 
States  for  the  years  1904  to  1910  together  with  the  output  in  Pennsyl- 
vania and  the  percentage  the,  output  of  this  State  bears  to  the  entire 
production  of  the  United  States,  from  which  it  will  be  seen  that  Penn- 
sylvania produced  about  one-seventh  of  the  entire  lime  output  of  the 
country. 

TABLE  NUMBER  21. 

Production  of  Lime. 


Tear. 

United  States. 

Pennsylvania. 

Value. 

Value. 

Percentage 
of  Total. 

1904,  

$9.9.51,456 

$1,537,673 

15.4 

1905,  

10,941,680 

1,672,267 

15.3 

1906,  

12,480,653 

1,8.57,7,54 

14.1 

1907,  

12,640,512 

2,075,842 

16.4 

1908  

11,091,186 

1,883,496 

16.9 

1909,  

13,846,072 

2,532,454 

18.3 

1910,  

13,894,962 

2,440,350 

17.6 

$84,846,521 

$13,999,836 

16.5 

12 
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